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DURATION OF THE ARCHIMEDES SPIRAL AFTEREFFECT 
UNDER VARIED STIMULUS CONDITIONS
CHAPTER I 
INTRODUCTION
S p i r a l  a f t e r e f f e c t s  were f i r s t  s t u d i e d  by P l a t e au  
in 1850 ( B o r i n g ,  1942) who found t h a t  an impression o f  con­
t r a c t i o n  or  expansion was e xpe r i e nc ed  when a s ub j e c t  viewed  
a r o t a t i n g  s p i r a l  under c o n d i t i o n s  o f  c l o c k w i s e  or  c o u n t e r ­
c l oc k wi se  movement. When r o t a t i o n  o f  t he  s p i r a l  was h a l t e d ,  
t he  impression o f  expansion o r  c o n t r a c t i o n  d i r e c t l y  o p p o s i t e  
to t h a t  given du r i ng  r o t a t i o n  was e x pe r i e n c e d .
The s p i r a l  a f t e r e f f e c t  phenomenon was f u r t h e r  s t u d ­
ied by Oppel in 1859, Dvorak in 1 8 / 0 ,  Bowditch and H a l l  in 
1881, and S z i l y  in 1905 ( B o r i n g ,  1942; Wohlgemuth,  1911) .
At the t ur n  o f  t he  c e n t u r y  Wohlgemuth ( 1 9 1 1 )  p u b l i s h ed  his  
comprehensive monograph which surveyed a l l  o f  the pr ev i ous  
work and inc l uded his  own s t u d i e s  d e a l i n g  w i t h  s p i r a l  a f t e r ­
e f f e c t s .  He s t u d i e d  s p i r a l  a f t e r e f f e c t s  as r e l a t e d  to a 
number o f  s t imul us  v a r i a b l e s  such as : d i f f e r e n t  speeds o f
r o t a t i o n ,  l e v e l s  o f  i l l u m i n a t i o n ,  and v a r i e d  c o l o re d  s p i r a l s
1
2on a b l a c k  background.  He r e p o r t e d  t h a t  the  a f t e r e f f e c t  can 
be e xpe r i enc ed  f o r  any speed o f  s t i m u l a t i o n  up to t he  p o i n t  
where fus ion appears to t a ke  p l a c e .  He concluded t h a t  t he  
a f t e r e f f e c t  o f  movement is most pronounced in a b r i g h t l y  i l ­
luminated f i e l d ,
Wohlgemuth's e x p e r i m e n t a t i o n  was c ons id e re d  c l a s s i ­
cal  f o r  his  day and helped set  t he  s tage  f o r  f u r t h e r  r esearch  
on t h i s  phenomena. However,  a major  shortcoming o f  h i s  work  
was t h a t  h i s  exper i ments  employed o n l y  two or  t h r e e  s u b j e c t s .
Since t he  p u b l i c a t i o n  o f  Wohlgemuth's s t udy ,  few 
a r t i c l e s  have appeared d e a l i n g  w i t h  the  p e r c e p t i o n  o f  t he  
s p i r a l  a f t e r e f f e c t .  Those a r t i c l e s  which were p u bl i s h e d  
tended to deal  w i t h  s t i mul us  v a r i a b l e s  a l r e a d y  d e l i n e a t e d  by 
him. For example.  G r a n i t  ( 1 9 28 )  s t u d i e d  v i e wi n g  d i s t a n c e .
He c o n c l u d e d  t h a t  v i e w i n g  d i s t a n c e  enhanced t h e  p e r c e p t i o n  
o f  t h e  a f t e r e f f e c t .  L a t e r ,  G r i n d l e y  and W i l k i n s o n  ( 1 9 53 )  
had t h e  s p i r a l  v i e w e d  t h r o u g h  a t e l e s c o p e  and fou nd  t h a t  
s u b j e c t s  r e p o r t e d  t h e  u su a l  a f t e r e f f e c t  u nd er  such c o n d i ­
t i o n s .
Since 1949 most exper i ments  u t i l i z i n g  the  s p i r a l  
a f t e r e f f e c t  have been conducted in t he  c l i n i c a l  f i e l d .  The 
most common t ype  o f  s p i r a l  used has been t he  Archimedes  
s p i r a l .  This  is  a s p i r a l  o f  92 0°  w i t h  two and o n e - h a l f  
tu ins r a d i a t i n g  from the c e n t e r ,  A s ub j e c t  t y p i c a l l y  views  
t h i s  s p i r a l  in r o t a t i o n  f o r  a s p e c i f i e d  p e r i o d  o f  t ime and 
dur i ng t h i s  p e r i o d  o f  r o t a t i o n  t he  s p i r a l  appears e i t h e r  to
3expand o r  c o n t r a c t ,  depending on t he  d i r e c t i o n  o f  r o t a t i o n .  
When t he  s p i r a l  is stopped a r e v e r s e  a f t e r e f f e c t  o f  e i t h e r  
c o n t r a c t i o n  o r  expansion is e x p e r i e n c e d .
A r e p r e s e n t a t i v e  review o f  the  s t u d i e s  u t i l i z i n g  the  
Archimedes s p i r a l  in a c l i n i c a l  s i t u a t i o n  would begin w i t h  
the i n v e s t i g a t i o n  o f  Freeman and Josey ( 1 9 4 9 ) .  They r e p or t ed  
a study in which t he  per formance o f  85 h o s p i t a l i z e d  p s y c h i ­
a t r i c  s u b j e c t s  and 50 normal s u b j e c t s  were compared as to  
t h e i r  p e r c e p t i o n  o f  the s p i r a l  a f t e r e f f e c t .  They concluded  
t h a t  most o f  t he  p a t i e n t s  w i t h  memory impairment  d i d  not  r e ­
p o r t  t he  a f t e r e f f e c t ,  w h i l e  those w i t h  l i t t l e  or  no memory 
loss p e r c e i v e d  the e f f e c t  as o f t e n  as d i d  normal s u b j e c t s .
S t a n d i e e  ( 1 9 53 )  t e s t e d  25 p s y c h o t i c  p a t i e n t s  and 16 
normals w i t h  t he  Archimedes s p i r a l .  A l l  o f  the  p sy chot ic s  
and normals r e p o r t e d  the a f t e r e f f e c t  f o r  a s i n g l e  c l o c k w i s e  
and c o u n t e r c l o c k w i s e  r o t a t i o n ,  S t a n d l e e  concluded t h e r e  was 
no r e l a t i o n s h i p  between memory impairment  and p e r c e p t i o n  o f  
t he  a f t e r e f f e c t .  in a f o l l o w  up s t udy ,  S t and l ee  ( 19 54 )  
t e s t e d  25 p s y c h o t i c s  f o l l o w i n g  e l e c t r o s h o c k  t he ra py .  A l l  
but  two o f  t he  25 p a t i e n t s  r e p or t e d  t he  a f t e r e f f e c t .  These 
r e s u l t s ,  he f e l t ,  conf i rmed hi s  p r e v i o u s  f i n d i n g s .
P r i c e  and Deabler  ( 19 55 )  reasoned t h a t  f a i l u r e  to  
p e r c e i v e  t he  s p i r a l  a f t e r e f f e c t  might  be r e l a t e d  to b r a in  
damage and t h a t  the  s p i r a l  could be f r u i t f u l l y  u t i l i z e d  to  
a r r i v e  a t  a d i f f e r e n t i a l  d i a g no s i s  o f  b r a i n  damage. They 
compared 120 p a t i e n t s  w i t h  known b r a i n  damage to 40 normals
4and 40 f u n c t i o n a l  p s y c h i a t r i c  p a t i e n t s .  Using four  t r i a l s  
( two w i t h  c l o c k w i s e  r o t a t i o n  and two w i t h  c o u n t e r c lo ck wi s e  
r o t a t i o n )  they  found t h a t  95% o f  t he  normal and f u n c t i o n a l  
p s y c h i a t r i c  p a t i e n t s  r e p or t e d  t he  a f t e r e f f e c t  on a l l  four  
t r i a l s ,  w h i l e  o n l y  2% o f  the  b r a i n  damaged p a t i e n t s  d i d  so.  
The s t i mul us  c o n d i t i o n s  which they  used in t h e i r  study con­
s i s t e d  o f  7 8 - 10 0  rpm r o t a t i o n  speed,  9 20°  s p i r a l ,  and a 30 
second exposure p e r i o d .
Page, R a k i t a ,  Kaplan,  and Smith ( 19 57 )  compared the  
r e s u l t s  o f  the s p i r a l  a f t e r e f f e c t  f o r  20 br a in  damaged pa ­
t i e n t s  and 20 f u n c t i o n a l  p s y c h i a t r i c  p a t i e n t s .  These i n ­
v e s t i g a t o r s ,  l i k e  P r i c e  and Deab ler  ( 1 9 5 5 ) ,  concluded t h a t  
the b r a in  damaged group r ep or t ed  s i g n i f i c a n t l y  fewer a f t e r ­
e f f e c t s  .
L a t e r  i n v e s t i g a t o r s  ( D a v i d s ,  Goldenberg,  & L a u f e r ,  
1957; G a r r e t t ,  P r i c e ,  & D e a b l e r ,  1957; Goldberg & Smith,
1 9 5 8 ; Spivack & Lev ine ,  1957) found t h a t  the s p i r a l . a f t e r ­
e f f e c t  was r ep or t ed  more o f t e n  by normal than by br a in  
damaged s u b j e c t s .
More r e c e n t l y ,  Blau and S c h a f f e r  ( I 9 6 0 )  r epor ted  
t h a t  c h i l d r e n  e x h i b i t i n g  abnormal EEGs d i d  not r ep or t  the  
a f t e r e f f e c t  as f r e q u e n t l y  as c h i l d r e n  w i t h  normal EEGs.
Other  i n v e s t i g a t o r s  (McDonough, I 960 ;  Schein,  I960;  Sindberg,  
1962; Whi tmyre & K u r t z k e ,  1962) found t h a t  p a t i e n t s  w i t h  
known b r a in  damage re por te d  s i g n i f i c a n t l y  fewer a f t e r e f f e c t s  
than f u n c t i o n a l  p s y c h i a t r i c  p a t i e n t s  and normals.  Thus,
5t h e i r  genera l  c o nc l u s i o n  was t h a t  t he  s p i r a l  a f t e r e f f e c t  
was a v a l i d  c l i n i c a l  inst rument  f o r  d e t e c t i n g  t he  presence  
o f  b r a i n  damage.
Some i n v e s t i g a t o r s  have found l i t t l e  o r  no support  
f o r  P r i c e  and D e a b l e r ' s  ( 19 55 )  c o n t e n t i o n  t h a t  i n d i v i d u a l s  
w i t h  b r a i n  damage r e p o r t  s i g n i f i c a n t l y  fewer  s p i r a l  a f t e r ­
e f f e c t s  than nonbra in  damaged i n d i v i d u a l s .
G i l b e r s t a d t ,  Schein ,  and Rosen ( 1 9 5 8 )  a f t e r  admin­
i s t e r i n g  the s p i r a l  to  87 admissions o f  a P s y c h i a t r y  S e r v i c e  
and 140 admissions to a Neurology S e r v i c e  o f  a VA h o s p i t a l  
concluded t h a t  t he  s p i r a l  a f t e r e f f e c t  had l i m i t e d  us e fu l ne ss  
f o r  d i agnos ing b r a i n  damaged from normal s u b j e c t s .  An even 
more s t r i k i n g  f i n d i n g  was r e p or t ed  by H o l l a n d  and Beech 
( 1 9 5 8 ) who found t h a t  o n l y  one o f  21 known b r a i n  damaged 
s u b j e c t s  which t h e y  t e s t e d  f a i l e d  to r e p o r t  t h e  a f t e r e f f e c t .
Other  i n v e s t i g a t o r s  (Aaronson,  1958; Ber ge r ,  Everson,  
R u t le d ge ,  & K o s k o f f ,  1958; P h i l b r i c k ,  1959; Spi vack  5- Le v i ne ,  
1 9 5 9 ) l i k e w i s e  found t h e r e  was l i t t l e  or  no d i f f e r e n c e  be­
tween normals and b r a i n  damaged p a t i e n t s  in r egard  to t h e i r  
r e p o r t  o f  t he  s p i r a l  a f t e r e f f e c t .
Several  i n v e s t i g a t o r s  have contended t h a t  t h e r e  is  
no r ea l  impairment  o f  p e rc e p t i o n  in persons w i t h  b r a i n  dam­
age but  r a t h e r  an impairment  o f  t h e  a b i l i t y  to g i v e  a ve rba l  
r e p o r t  o f  the  s p i r a l  a f t e r e f f e c t .
London and Bryan ( I 9 6 0 )  us ing 22 normals and 44 b r a i n  
damaged p a t i e n t s  found t h a t  when i n s t r u c t i o n s  were v a r i e d
6from s t r u c t u r e d  to u n s t r u c t u r e d  the  b r a i n  damaged group p e r ­
c e i v e d  t he  a f t e r e f f e c t  as f r e q u e n t l y  as t he  normals.  Th is  
f i n d i n g  was suppor ted by Mayer and Coons ( I 9 6 0 )  who l i k e w i s e  
found t h a t  b r a i n  damaged and s c h i z o p h r e n i c  sub j ec ts  v a r i e d  
in t h e i r  f reque nc y o f  e x p e r i e n c i n g  t h e  a f t e r e f f e c t  under  con­
d i t i o n s  o f  n e u t r a l  and a n x i e t y - p r o d u c i n g  i n s t r u c t i o n s .
From t h i s  survey o f  t he  l i t e r a t u r e  concerning t he  
c l i n i c a l  use o f  t he  Archimedes s p i r a l  in d e t e c t i n g  b r a i n  dam­
age,  t he  v a r i e d  f i n d i n g s  do not  u n e q u i v o c a l l y  support  t he  
d i a g n o s t i c  v a l u e  o f  the  a f t e r e f f e c t  as f i r s t  re por te d  by 
P r i c e  and Dea bl er  ( 1 9 5 5 ) .  However,  i t  is not  unreasonabl e  
to  i n f e r  from t he  e xpe r i me nt a l  f i n d i n g s  t h a t  b r a in  damaged 
s u b j e c t s  do not  r e p o r t  t he  s p i r a l  a f t e r e f f e c t  as f r e q u e n t l y  
as normals .
The m a j o r i t y  o f  i n v e s t i g a t o r s  r e l i e d  on the  presence  
or  absence o f  a s p i r a l  a f t e r e f f e c t  r e p o r t  as the c r i t e r i o n  
f o r  d i f f e r e n t i a t i n g  b r a in  damaged from nonbra in damaged sub­
j e c t s ,  Such a method was qu es t io n ed  by G a l l e s e  ( 1 9 56 )  who 
noted t h a t  when b r a i n  damaged s u b j e c t s  r e p o r t e d  e x p e r i e n c i n g  
t he  s p i r a l  a f t e r e f f e c t  t h e i r  p e r c e p t i o n  o f  t he  phenomenon was 
o f  s h o r t e r  d u r a t i o n  than was t h a t  o f  normal s u b j e c t s .  Thus,  
by means o f  d em ons t r a t ing  d i f f e r e n c e s  in d u r a t i o n  o f  e x p e r i ­
ence o f  t h e  s p i r a l  a f t e r e f f e c t ,  r a t h e r  than r e l y i n g  on gross  
a l l - o r - n o n e  d i f f e r e n c e s  such as those r e p o r t e d  in the p r e v i ­
o u s l y  ment ioned c l i n i c a l  s t u d i e s ,  t he  v a l u e  o f  the  s p i r a l  as 
a d i a g n o s t i c  i nst rument  might  be i n c r e a s e d .
7Severa l  s t u d i e s  have been conducted t o  i n v e s t i g a t e  
t he  r o l e  o f  s p i r a l  a f t e r e f f e c t  d u r a t i o n  as a means o f  d i a g ­
nosing b r a i n  damage. G a l l e s e  ( 1 9 5 6 ) ,  as ment ioned above,  
r e p o r t e d  t h a t  when b r a i n  damaged s u b j e c ts  e x p e r i e n c e  the  
s p i r a l  a f t e r e f f e c t  i t  was o f  s h o r t e r  d u r a t i o n  than was the  
a f t e r e f f e c t s  r e p o r t e d  by normals.
H o l l an d  and Beech ( 19 58 )  a f t e r  e v a l u a t i n g  t he  d u r a ­
t i o n  o f  t he  a f t e r e f f e c t  by b r a in  damaged and normal s u b j e c ts  
concluded t h a t  a f i n e r  d i s c r i m i n a t i o n  between t he  two groups 
could be made by comparing the d u r a t i o n  o f  t he  s p i r a l  a f t e r ­
e f f e c t .  They f u r t h e r  concluded t h a t  the  b r a i n  damaged group 
had s i g n i f i c a n t l y  s h o r t e r  a f t e r e f f e c t s  than the  normals .
P h i l b r i c k  ( 19 59 )  a d m i n i s t e r e d  the  s p i r a l  to 81 con­
s e c u t i v e  admissions to t he  Neurology Ward o f  a genera l  
h o s p i t a l .  A f t e r  t he  d i a g no s i s  o f  b r a i n  damage was e s t a b ­
l i s h e d ,  t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  between t h e  br a i n  
damaged and nonbr a in  damaged groups in regard t o  t h e i r  r ep or t  
o f  t he  s p i r a l  a f t e r e f f e c t .  However,  i t  was noted t h a t  the  
b r a i n  damaged p a t i e n t s  saw the s p i r a l  a f t e r e f f e c t  f o r  a 
s h o r t e r  p e r i o d  o f  t ime  than did  those w i t h o u t  b r a i n  damage.
Spi vack  and Levine ( 19 57 )  a d m i n i s t e r e d  t he  s p i r a l  
to  32 b r a i n  damaged ado l es ce nt  boys and 35 e m o t i o n a l l y  d i s ­
t ur bed a d o l e s c e n t  boys.  They r e p or t ed  t h a t  the  b r a i n  damaged 
group r e p or t ed  s i g n i f i c a n t l y  fewer  a f t e r e f f e c t s  than t he  emo­
t i o n a l l y  d i s t u r b e d  group.  In a d d i t i o n ,  they  r e p o r t e d  t h a t  
when t he  b r a in  damaged group e xper i enced the  s p i r a l  a f t e r ­
8e f f e c t  I t  was o f  longer  d u r a t i o n  than the e x pe r i e nc e  o f  the  
a f t e r e f f e c t  by t he  e m o t i o n a l l y  d i s t u r b e d  group. In a f o l l o w  
up s t udy ,  Spivack and Lev ine  ( 1 9 59 )  a d m i n i s t e r e d  t he  s p i r a l  
t o 24 b r a i n  damaged females and 20 normal females.  Again,  
t hey  r e por t ed  t he  b r a i n  damaged group had longer  d u ra t i o n s  
o f  t he  s p i r a l  a f t e r e f f e c t  than the normal group.
Page e t  a l .  ( 1 9 5 7 )  found no d i f f e r e n c e s  in the d u r a ­
t i o n  o f  t he  s p i r a l  a f t e r e f f e c t  between b r a i n  damaged and 
s c h i z o p h r e n i c  p a t i e n t s .  The i n v e s t i g a t o r s  concluded t h a t  
d i f f e r e n t i a t i o n  o f  b r a i n  damaged from nonbrain damaged i n d i ­
v i d u a l s  could not  be accompl ished by c o n s i d e r i n g  the  r e ­
p o r t e d  length o f  t he  a f t e r e f f e c t .
Truss and A l l e n  ( 1 9 5 9 )  a d m i n i s t e r e d  the  s p i r a l  to  
17 b r a i n  damaged and 8 normal s u b j e c t s .  They r epor te d t h a t  
t he  d u r a t i o n  o f  the  a f t e r e f f e c t  was not  s i g n i f i c a n t l y  d i f ­
f e r e n t  f o r  the  two groups.  L i ke w i s e ,  Schein ( I 9 6 0 )  a f t e r  
a d m i n i s t e r i n g  the s p i r a l  to  81 admissions to the  Neurology  
S e r v i c e  and 40 admissions to t he  P s y c h i a t r y  S e r v i c e  o f  a VA 
h o s p i t a l  concluded t h a t  t h e r e  were  no s i g n i f i c a n t  d i f f e r e n c e s  
between the  groups in t h e i r  e x p e r i e n ce  o f  t he  d u r a t i o n  o f  the  
s p i r a l  a f t e r e f f e c t .
C o s t e l l o  ( 1 9 61 )  a t te mp te d  to account  f o r  d i f f e r e n c e s  
r e p o r t e d  by p r e v i ou s  i n v e s t i g a t o r s  in regard to the  d u r a t i o n  
o f  t he  s p i r a l  a f t e r e f f e c t .  He r e p or t ed  t h a t  those i n v e s t i ­
g a t or s  f i n d i n g  s h o r t e r  a f t e r e f f e c t s  f o r  the  b r a i n  damaged 
( G a l l e s e ,  1956; H o l l an d  & Beech, 1959; P h i l b r i c k ,  1959) used
9t he  c o n t r a c t i o n  a f t e r e f f e c t  ( c o u n t e r c l o c k w i s e  r o t a t i o n )  
whereas those r e p o r t i n g  longer  a f t e r e f f e c t s  ( S p i v ac k  &
Le v ine ,  1957; 1959)  had used t h e  expansion a f t e r e f f e c t  
( c l o c k w i s e  r o t a t i o n ) .  In v iew o f  these  s t imul us  c o n d i t i o n s ,  
C o s t e l l o  p r e d i c t e d  t h a t  b r a i n  damage r e s u l t s  in an i n cr e a s e  
o f  t he  expansion s p i r a l  a f t e r e f f e c t  and a decrease in t he  
c o n t r a c t i o n  s p i r a l  a f t e r e f f e c t .
in o r d e r  t o  t e s t  h i s  h y p o t h e s i s ,  i . e . ,  s a t i a t i o n  
produced by b r a i n  damage r e s u l t s  in an in cr ea se  in t he  ex ­
pansion a f t e r e f f e c t  and a decrease  in t he  c o n t r a c t i o n  a f t e r ­
e f f e c t ,  C o s t e l l o  assumed t h a t  massed t r i a l s  o f  t he  s p i r a l  
would produce s a t i a t i o n  in normal s u b j e c ts  s i m i l a r  t o  t h a t  
found in b r a i n  damaged i n d i v i d u a l s .  Using 40 normals ,  a s ­
signed to e i t h e r  an "expansion group" o r  " c o n t r a c t i o n  gr oup,"  
each s u b j e c t  was given s i x  massed t r i a l s  on t he  s p i r a l  w i t h  
each t r i a l  c o n s i s t i n g  o f  60 seconds o f  s t i m u l a t i o n .  Under  
these  c o n d i t i o n s  he found t h a t  t he  o v e r - a l l  d u r a t i o n  o f  t he  
c o n t r a c t i o n  s p i r a l  a f t e r e f f e c t  tended t o  be s h o r t e r  than the  
expansion a f t e r e f f e c t .  Thus he f e l t , t h a t  h i s  h ypo the si s  was 
conf i rmed.  F i ndi ngs s i m i l a r  to those o f  C o s t e l l o  have more 
r e c e n t l y  been r e p or t e d  by Eysenck,  W i l l e t t ,  and S l a t e r  ( 1 9 6 2 ) .
The c o n f l i c t i n g  r e s u l t s  o b t a i n e d  in regard to t he  
measurement o f  the  d u r a t i o n  o f  the  s p i r a l  a f t e r e f f e c t  in 
b r a i n  damaged and normals could p o s s i b l y  be a t t r i b u t e d  to  
t he  v a r i a b i l i t y  o f  t he  s t i mul us  c o n d i t i o n s .  For example,  
G a l l e s e  ( 1 9 5 6 )  used a r o t a t i o n  speed o f  90 rpm and an i n -
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s p ec t i on  p e r i o d  o f  30 seconds.  H o l l a n d  and Beech ( 1 9 58 )  
used a r o t a t i o n  speed o f  78 rpm and an exposure t ime  o f  30 
seconds in t h e i r  s t udy .  P h i l b r i c k  ( 1 9 5 9 )  used a r o t a t i o n  
speed o f  100 rpm and a 30 second exposure p e r i o d .  Spivack  
and Lev ine  (1957;  1959)  used a r o t a t i o n  s p e e d ' o f  78 rpm and 
a 30 second exposure p e r i o d .  In a d d i t i o n ,  t he  p r e v i o u s l y  
ment ioned i n v e s t i g a t o r s  used o n l y  t he  expansion a f t e r e f f e c t  
( c l o c k w i s e  r o t a t i o n )  as a measure o f  d u r a t i o n .  Page e t  a l .
( 1 9 5 7 )  used a r o t a t i o n  speed o f  100 rpm and a 30 second s t i m ­
u l a t i o n .  In a d d i t i o n ,  the se  i n v e s t i g a t o r s  d e a l t  w i t h  o n l y  
the  c o n t r a c t i o n  a f t e r e f f e c t  ( c o u n t e r c l o c k w i s e  r o t a t i o n )  as
a measure o f  d u r a t i o n .  Truss and A l l e n  ( 1 9 5 9 )  used a r o t a ­
t i o n  speed o f  64 rpm w i t h  i n s p e c t i o n  p e r i o d s  o f  10 and 30 
seconds.  They,  t o o ,  used o n l y  the  expansion a f t e r e f f e c t  f o r  
measur ing t he  d u r a t i o n  o f  t he  a f t e r e f f e c t .  Schein ( I 9 6 0 )  
used a r o t a t i o n  speed o f  100 rpm and exposure t imes o f  15 and 
30 seconds.  He used both t he  expanding and c o n t r a c t i n g  a f t e r ­
e f f e c t s  as measures o f  t h e  d u r a t i o n .  H o l l a n d  and Beech
( 1 9 5 8 ) ,  C o s t e l l o  ( 1 9 6 1 ) ,  and Eysenck e t  a l .  ( 1 9 6 2 )  used a 
c o m p l e t e l y  d i f f e r e n t  s p i r a l  (one w i t h  180° o r  f o ur  throws)  
from t h a t  used by o t h e r  i n v e s t i g a t o r s .
The s u b j e c t  v a r i a b l e  has l i k e w i s e  f l u c t u a t e d  c o n s i d ­
e r a b l y  from one s tudy t o  a n o t h e r .  G a l l e s e  ( 1 9 5 6 )  used 41 
s c h i z o p h r e n i c s ,  97 b r a i n  damaged, 12 lobotomized s c h i z o p h r e n ­
i c s ,  and 30 normals .  H o l l a n d  and Beech ( 1 9 5 8 )  used 21 b r a in  
damaged and 17 normals .  P h i l b r i c k  ( 1 9 5 9 )  used 81 p a t i e n t s
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a dm i t t e d  to t he  Neuro logy S e r v i c e  o f  a genera l  h o s p i t a l .  
Spivack and Levine ( 1 9 5 7 )  used 32 a d o l e sc e nt  boys w i t h  
b r a i n  damage and 35 a d o l e s c e n t  boys w i t h  t he  d i a g no s is  o f  
emot ional  d i s o r d e r s .  In t h e i r  l a t e r  study ( 1 9 59 )  they  used 
2k females w i t h  b r a i n  damage and 20 females w i t h  no ev idence  
o f  b r a i n  damage. Page e t  a l .  ( 1 9 5 7 )  used 20 p a t i e n t s  w i t h  
known b r a i n  damage and 20 p a t i e n t s  s u f f e r i n g  from emot ional  
d i s t u r b a n c e s .  Truss and A l l e n  ( 1 9 5 9 )  used 17 s u b j e c t s  s u f ­
f e r i n g  from c e r e b r a l  p a l s y  as t h e i r  b r a i n  damaged group and 
e i g h t  s u b j e c t s  w i t h  no b r a i n  damage as t h e i r  c o n t r o l  group.  
Schein ( I 9 6 0 )  used 81 admissions to t he  Neurology S e r v i c e  
and 40 admissions to t he  P s y c h i a t r y  S e r v i c e  o f  a VA h o s p i t a l .  
The former group c o n s t i t u t e d  h i s  b r a i n  damaged s u b j e c t s  and 
t he  l a t t e r  group h i s  nonbrain  damaged p a t i e n t s .  F i n a l l y ,  
C o s t e l l o  ( 196 1 ) used 40 i n d u s t r i a l  a p p r e n t i c e s  and made the  
assumption t h a t  massed t r i a l s  would induce s a t i a t i o n  s i m i l a r  
to t h a t  found in b r a i n  damaged p a t i e n t s .
in view o f  t h e  v a r i a b i l i t y  o f  both s t i mul us  c o n d i t i o n s  
and samples used in o r d e r  to s tudy the d u r a t i o n  o f  the  s p i r a l  
a f t e r e f f e c t ,  i t  was concluded t h a t  a s y s t e m a t i c  i n v e s t i g a t i o n  
o f  the  i n f l u e n c e  o f  c e r t a i n  s t im ul u s  v a r i a b l e s  on t he  d u r a ­
t i o n  o f  t he  a f t e r e f f e c t  was w a r r a n t e d .  By u t i l i z i n g  a non­
b r a i n  damaged p o p u l a t i o n  a b e t t e r  e v a l u a t i o n  o f  t he  r e l e v a n t  
s t imul us  v a r i a b l e s  can be a s c e r t a i n e d .  Such an i n v e s t i g a t i o n  
would i s o l a t e  some o f  the r e l e v a n t  v a r i a b l e s  o f  t he  s p i r a l  
a f t e r e f f e c t  on a normal sample and g i v e  some concept ion o f
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t h e i r  I n f l u e n c e .  Such r esearch seems t o  be p e r t i n e n t  i f  t he  
s p i r a l  i s  to be used as a r esearch method in t he  i n v e s t i g a ­
t i o n  o f  b r a i n  damage.
D e s p i t e  a l l  o f  the  c l i n i c a l l y  o r i e n t e d  resear ch  w i t h  
t he  s p i r a l  t h e r e  is  a p a u c i t y  o f  t h e o r e t i c a l  s ta tements  con­
c e r n i n g  t he  p e r c e p t u a l  mechanisms u n d e r l y i n g  t he  s p i r a l  
a f t e r e f f e c t  phenomenon. The two most prominent  t h e o r i e s  o f  
a f t e r e f f e c t s ,  t he  Kohl er  and W a l l a c h  ( 1 9 44 )  and t he  Osgood 
and Heyer  ( 1 9 5 2 ) ,  a p p a r e n t l y  f a l l  s h or t  in a cco u nt in g  f o r  
t he  phenomenon o f  v i s u a l  movement a f t e r e f f e c t s .
Kohl er  and Wa l l ac h  ( 1 9 4 4 )  s t a t e  t h a t  d i sp lacement  
o f  p e r c e i v e d  f i g u r e s  occurs when a new p a t t e r n  o f  s t i m u l a t i o n  
impinges on c o r t i c a l  t i s s u e  which has been a l r e a d y  s a t i a t e d  
by p r i o r  s t i m u l a t i o n .  For example,  a s u b j e c t  is asked to  
f i x a t e  on a f i g u r e  f o r  a s p e c i f i c  p e r i o d  o f  t i m e ,  then a 
second f i g u r e  is  p re s e n t e d .  T h i s  second f i g u r e  appears to  
be d i s p l a c e d  away from the  a r ea  p r e v i o u s l y  occupied by the  
f i r s t  f i g u r e .  Kohler  and Wa l l ac h  reason t h a t  t h e  f i r s t  
f i g u r e  b u i l d s  up neur a l  s a t i a t i o n  w i t h i n  the  c o r t i c a l  t i s s u e  
which p r e v en t s  f u r t h e r  f i g u r a i  c u r r e n t s  in t h a t  t i s s u e .  Thus 
when t h e  second f i g u r e  is  p r es en ted  i t  w i l l  g i v e  t he  impres­
sion o f  moving away from the s a t i a t e d  a r e a .  Kohl er  ( 1 9 51 )  
accounts  f o r  t h i s  e f f e c t  o f  d i sp la ceme nt  in terms o f  d i f f e r ­
e n t i a l  n er ve  s t i m u l a t i o n .  He c o n t i n u e s  by s t a t i n g  t h a t  
e l e c t r o c h e m i c a l  processes a r e  r e s p o n s i b l e  f o r  t he  ba s ic  
mechanisms o f  p e r c e p t i o n  and changes in these  ne ur op hy si o -
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l o g i c a l  processes a r e  r e s p o n s i b l e  f o r  f i g u r a i  a f t e r e f f e c t s .  
However,  Kohler  ( 1 9 58 )  s p e c i f i c a l l y  s t a t e d  t h a t  t he  t heor y  
o f  a f t e r e f f e c t s  f or mu la t ed  by him and Wa l l ac h  may not  be 
adequate  to account  f o r  v i s u a l  a f t e r e f f e c t s .  In t h i s  regard  
Kohl er  s t a t e s :
Our t h e or y  o f  f i g u r a i  a f t e r - e f f e c t s  is m a i n l y  
concerned w i t h  a n a e l e c t r o t o n i c  a c t i o n  , , , when 
p e r c e p t i o n  begins to be s t a b l e ,  c a t e l e c t r o t o n i c  a t ­
t r a c t i o n  w i l l  soon be overcome by a n a e l e c t r o t o n i c  
r e p u l s i o n .  We a l l  know p e r c e p t u a l  f a c t s  which o n l y  
a r i s e  under t he  c o n d i t i o n s  f a v o r a b l e  to c a t e l e c t r o -  
t o n i c  e f f e c t s ,  1 am r e f e r r i n g  to t he  v a r i o u s  forms 
o f  apparent  movement ( K o h l e r ,  1958, p,  154) ,
Osgood and Heyer ( 1 9 5 2 )  drawing from the  work o f  
M a rs h a l l  and T a l b o t  (1 9 40 )  as w e l l  as the  Koh1e r - W a 1lach 
( 1 9 4 4 )  t h e o r y ,  proposed a s t a t i s t i c a l  t h e or y  to account  f o r  
f i g u r a i  a f t e r e f f e c t s .  B r i e f l y  s t a t e d ,  Osgood and Heyer a s ­
sumed t h a t  when an i n d i v i d u a l  v iews a f i g u r e  c o n s i s t i n g  o f  
c on to u rs ,  a s p a t i a l  d i s t r i b u t i o n  o f  e x c i t a t i o n  w i l l  be 
e s t a b l i s h e d  due to the  r e s u l t a n t  p r o j e c t i o n  in t he  nervous  
system. When t he  i n d i v i d u a l  is then pr esent ed  w i t h  an i n ­
s p ec t i on  f i g u r e  t he  contours  o f  t h i s  f i g u r e  w i l l  l ea ve  the  
i n d i v i d u a l  neurones in unequal  s t a t e s  o f  re co ve ry .  This  
s t a t e  o f  t he  neurones is then supposed to s h i f t  t he  zone o f  
maximum e x c i t a t i o n .  Dur ing t he  p e r i o d  o f  s h i f t  in e x c i t a t i o n  
i t  is assumed t h a t  the  r e s u l t a n t  zone o f  maximum e x c i t a t i o n  
w i l l  g i v e  r i s e  to t he  e x p e r i e n c e  o f  an a f t e r e f f e c t .  Smith 
( 1 9 52 )  o f f e r e d  s i x  c r i t i c i s m s  o f  the  Osgood-Heyer p o s i t i o n  
and concluded t h a t  t h e i r  t h e or y  could not  a d e q u a t e l y  e x p l a i n
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v i s u a l  a f t e r e f f e c t s .  Osgood ( 1 9 53 )  r e p l i e d  to S m i t h ' s  c r i t -  
i ci  sms as f o l l o w s  ;
These t h e o r i e s  ( K o h l e r - W a l l a c h  and Osgood-  
H eyer )  a l s o  do not  e x p l a i n  c o n t r a s t  phenomena o r  t he  
e f f e c t  o f  v a l ue s  and mot ives  upon p e r c e i v e d  s i z e  
. . . they a r e  not  r e q u i r e d  to cover  a l l  phenomena 
in the  f i e l d  o f  p e r c e p t i o n  (Osgood, 1953, p.  2 1 1 ) .
George ( 1 9 5 3 )  proposed a t he or y  to s p e c i f i c a l l y  a c ­
count f o r  s p i r a l  a f t e r e f f e c t s .  Using t he  model proposed by 
Osgood-Heyer ( 1 9 5 2 ) ,  he p o s t u l a t e d  the  ar ousa l  o f  an asym­
m e t r i c a l  g r a d i e n t  on t h e  c o r t i c a l  t i s s u e  d u r i n g  t he  i n i t i a l  
r o t a t i o n  o f  t he  s p i r a l .  When r o t a t i o n  was h a l t e d  and t he  
s u b j e c t  viewed a s t a t i o n a r y  s p i r a l ,  t he  d i f f e r e n t i a l  e x c i t a ­
b i l i t y  e s t a b l i s h e d  by t he  s t a t i c  s p i r a l  would be symmetr ical  
about  t he  n e u r o l o g i c a l  p r o j e c t i o n  o f  t he  l i n e s  about  t he  
s p i r a l .  The p o s i t i o n  o f  t he  pr ev i ous  i n s p e c t i o n  c ur ve  
( e s t a b l i s h e d  d u r i n g  r o t a t i o n )  and the p r es e n t  t e s t  curve  
( e s t a b l i s h e d  by t he  s t a t i c  s p i r a l )  should g i v e  the  d i s p l a c e ­
ment e f f e c t .  S p i t z  ( 1 9 5 8 )  p o i n t e d  out  t h a t  a cco rd ing  to  
George a t e s t  s u r f a c e  w i t h  contours  is e s s e n t i a l  to  h i s  
t h e o r y  and s ince  the  a f t e r e f f e c t  can be observed on a t e s t  
s u r f a c e  devoid o f  s p i r a l  contours  his  t h e o r y  does not  g i v e  
a s a t i s f a c t o r y  e x p l a n a t i o n  o f  a f t e r e f f e c t s .
Deutsch ( 19 5 6 ) p r e s en t s  a t he or y  o f  s h a p e - r e c o g n i t i o n  
in combinat ion w i t h  t h e  t h e o r i e s  o f  Koh1e r - W a 11ach ( 1 9 4 4 )  and 
o f  Osgood-Heyer ( 1 9 5 2 )  in an a t t em pt  t o  e x p l a i n  movement 
a f t e r e f f e c t s .  He reasons t h a t  when an i n d i v i d u a l  v iews t he  
r o t a t i n g  s p i r a l  t he  cont our s  o f  the  s p i r a l  g en e r a t e  impulses
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in t he  c o r t i c a l  t i s s u e  and a wave f r o n t  in the  d i r e c t i o n  o f  
t he  s p i r a l  c ont our  t akes  p l a c e .  At  t he  same t i me ,  a wave 
f r o n t  in t he  o p p o s i t e  d i r e c t i o n  is e s t a b l i s h e d ,  but  is r e ­
duced s i n ce  i t  has to  pass ov er  areas  o f  c o r t i c a l  t i s s u e  
which have a l r e a d y  been s t i m u l a t e d .  This  r educ t i on  o f  t he  
wave f r o n t  in t he  o p p o s i t e  d i r e c t i o n  causes a d i f f e r e n c e  in 
t he  r a t e  o f  t he  wave f r o n t s  propagat ed  backwards and f o r ­
wards.  When t he  s p i r a l  s tops ,  t h i s  d i f f e r e n c e  in r a t e  o f  
t r a v e l  r everses  i t s e l f ,  s i n ce  the f o r ce d speeding up in a 
p a r t i c u l a r  d i r e c t i o n  leads to a change in d i r e c t i o n  o f  t he  
wave f r o n t .  T h i s  r e v e r s a l  o f  wave f r o n t  movement g i ves  r i s e  
t o  an a f t e r e f f e c t .  G r i f f i t h  and S p i t z  ( 1 9 59 )  p o i n t  out  t h a t  
D eu tsc h ' s  t h e o r y  l i k e  George 's  ( 1 9 5 3 )  is dependent upon the  
presence o f  c ont our s  on t he  s t a t i c  s p i r a l  in o r d e r  f o r  t he  
a f t e r e f f e c t  to be observed.  S ince i t  has been shown t h a t  
s u b j e c t s  e x p e r i e n c e  movement a f t e r e f f e c t s  by v ie wi n g  p l a i n  
s u r f a c e s  a f t e r  t he  s p i r a l  has h a l t e d ,  thus t he  t h e or y  p r e ­
sented by Deutsch appears q u e s t i o n a b l e  in i t s  e x p l a n a t i o n  o f  
movement a f t e r e f f e c t s .
Severa l  t h e o r i e s  have been f o r m u l a t e d  from which p r e ­
d i c t i o n s  can be made concerning t he  d u r a t i o n  o f  a f t e r e f f e c t  
movement. Such t h e o r i e s  i n c l u d e  those o f  K l e in  and Krech 
( 1 9 5 2 ) ,  Saucer ( 19 53 ;  1954; 1 956) ,  Shapr io  ( 1 9 5 4 ) ,  Wer theimer  
( 19 54 ;  1 955) ,  and Eysenck (1955;  1957) .
K l e i n  and Krech ( 1 9 5 2 )  drawing from the model o f f e r e d  
by K o h l e r - W a l l a c h  ( 1 9 44 )  p o s t u l a t e  t h a t  any neura l  a c t i v i t y
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w i l l  Induce he ight ened r e s i s t a n c e  to a d d i t i o n a l  a c t i v i t y  In 
a p r e v i o u s l y  s t i m u l a t e d  a r e a .  They f u r t h e r  s t a t e  t h a t  t h e r e  
a r e  I n d i v i d u a l  d i f f e r e n c e s  In basal  l e v e l s  o f  c o r t i c a l  con­
d u c t i v i t y  and p r e d i c t  t h a t  I n d i v i d u a l s  w i t h  h igh basal  c o r t i ­
cal  c o n d u c t i v i t y  w i l l  r e a c t  d i f f e r e n t l y  than I n d i v i d u a l s  w i t h  
low basal  c o r t i c a l  c o n d u c t i v i t y  to such v a r i a b l e s  as s a t i a ­
t i o n  r a t e ,  degree o f  s a t l a b l l l t y ,  and d i s s i p a t i o n  o f  s a t i a ­
t i o n ,  Fo l l owi ng  t h i s  l i n e  o f  reasoning they concluded t h a t  
one o f  t he  consequences o f  I n j u r y  to c o r t i c a l  t i s s u e  Is  r e ­
duced c o n d u c t i v i t y .  S ince  c o n d u c t i v i t y  Is reduced,  neur a l  
a c t i v i t y  w i l l  l i k e w i s e  be more r e s i s t a n t  to s t i m u l a t i o n .
They thus p r e d i c t e d  t h a t  f o r  longer  exposure p e r i o d s  t he  
d u r a t i o n  o f  t he  a f t e r e f f e c t  In b r a i n  damaged I n d i v i d u a l s  
would be s i g n i f i c a n t l y  s h o r t e r  than those o f  nonbr a In  dam­
aged I n d i v i d u a l s ,
Saucer (1953;  1954)  and Saucer and De ab l er  ( 19 56 )  
p o s t u l a t e d  a m a t r i x  t h e o r y  o f  p e r c e p t i o n  to account  f o r  
a f t e r e f f e c t s .  Saucer and Dea bl er  proposed t h a t  the  e n t i r e  
c e r e b r a l  c o r t e x  be viewed as a s i n g l e  m a t r i x .  By t h i s  they  
meant t h a t  mot ion p e r c e p t i o n  I s  based on a m a t r i x  s y n t he s i s  
o f  p e r c e p t u a l  o r g a n i z a t i o n s  which a r e  r e l a t e d  to s t im ul u s  
d e t a i l  and to t he  temporal  aspect s  o f  t he  s t i m u l u s  c o n f i g u r a ­
t i o n ,  The a b i l i t y  f o r  p e r c e i v i n g  apparent  mot ion Is f u r t h e r  
dependent upon t he  f u n c t i o n a l  e f f i c i e n c y  o f  the  e n t i r e  c e r e ­
b r a l  c o r t e x .  Fo l lowi ng t h i s  l i n e  o f  r eason ing .  Saucer and 
Deabler  proposed t h a t  any damage to t he  c e r e b r a l  c o r t e x
17
would r e s u l t  in impai red p e r c e p t i o n .  Such an impairment  
was due t o  the f a c t  t h a t  t he  c e r e b r a l  c o r t e x  was p o s t u l a t e d  
to  have as one o f  i t s  major  f u n c t i o n s  t he  i n t e g r a t i o n  o f  
i n f o r m a t i o n  r e c e i v e d  through the sensory c hanne l s .  Thus,  
any i n j u r y  to t he  c e r e b r a l  c o r t e x  would r e s u l t  in i n f e r i o r  
sense organ f u n c t i o n i n g .  I n d i v i d u a l s  w i t h  b r a i n  damage 
would demonst ra te  damage to the p e r c e p t i v e  mechanisms r e ­
g a r d l es s  o f  t he  type  o f  c o r t i c a l  damage s i n ce  sense organ  
f u n c t i o n i n g  would be d i s r u p t e d .  In l i n e  w i t h  t h i s  t h e o r i z ­
ing,  Saucer and Deabler  concluded:
I t  may be i n f e r r e d  t h a t  p e r c e p t i o n  is a g lobal  
process o f  t h e  e n t i r e  c o r t e x  and t h a t  by measur ing
t he  amount o f  o r g a n i z a t i o n a l  f o r c e  a v a i l a b l e  to the
i n d i v i d u a l  f o r  use in p e r c e p t u a l  processes such as 
p e r c e p t i o n  o f  apparent  mot ion,  the f u n c t i o n a l  e f f i ­
c i e n c y  o f  t he  i n d i v i d u a l  may be measured and presence  
o r  absence o f  p a tho logy  determined (Saucer  and 
D e a b l e r ,  1956,  pp. 3 8 8 - 3 8 9 ) .
Shapr io  ( 1 9 54 )  hypot hesi zed t h a t  v i s u a l  s t i m u l a t i o n  
is f o l l o w e d  by t he  i r r a d i a t i o n  o f  e x c i t a t o r y  e f f e c t s  w i t h i n
t he  b r a i n  from the  p o i n t  o f  s t i m u l a t i o n .  I f  s t i m u l a t i o n  to
a no th er  p a r t  o f  t h e  b r a i n  f o l l o w s  pr ev io us  s t i m u l a t i o n ,  the  
i r r a d i a t i o n  e f f e c t  o f  t he  second p o i n t  o f  s t i m u l a t i o n  combines 
w i t h  the  i r r a d i a t i o n  e f f e c t  o f  the  f i r s t  s t i m u l a t i o n  in some 
manner so as to produce v i s u a l  p e r c e p t i o n .  Shapr io  f u r t h e r  
reasoned t h a t  one o f  t he  e f f e c t s  o f  b r a i n  damage is  the  i n ­
c re as e  o f  i n h i b i t o r y  e f f e c t s  in the  i n j u r e d  a r e a .  Thus, the  
b r a i n  damaged i n d i v i d u a l  would not  e x p e r i e n c e  appa re nt  mot ion  
or  have such an e x p e r i e n ce  reduced because t he  i r r a d i a t i o n
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e f f e c t s  would be i n h i b i t e d .  in essence,  S h a p r i o ' s  t he or y  
p o s t u l a t e d  an e x a g g e r a t i o n  o f  i n h i b i t o r y  e f f e c t s  in the  
b r a i n  damaged person.  These e f f e c t s  weakened the  i r r a d i a ­
t i o n  o f  the e x c i t a t o r y  processes which were b e l i e v e d  to  be 
the  basis  f o r  t he  p e r c e p t i o n  o f  apparent  mot ion.
Wer theimer  ( 19 54 ;  1955)  advanced a t h e o r y  o f  meta­
b o l i c  e f f i c i e n c y  as t he  b as is  o f  i n d i v i d u a l  d i f f e r e n c e s  in 
the  p e r c e p t i o n  o f  f i g u r a i  a f t e r e f f e c t s .  He hy po the si ze d  
t h a t  s t i m u l a t i o n  produces a m o d i f i c a t i o n  in l o c a l i z e d  areas  
o f  t he  c o r t e x  and t he se  changes a r e  r e l a t e d  to an a l t e r a t i o n  
in the  chemical  and e l e c t r i c a l  p r o p e r t i e s  o f  t he  ne ur a l  t i s ­
sue i nv o l ve d .  He s t a t e d  t h a t  b r a i n  damaged i n d i v i d u a l s  w i l l  
m a n i f e s t  reduced m e t a b o l i c  e f f i c i e n c y  which would be r e l a t e d  
to  a reduced c o r t i c a l  m o d i f l a b i l i t y .  He suggested t h a t  such 
reduced m o d i f l a b i l i t y  cou l d  be measured by u t i l i z i n g  p e r c e p ­
t u a l  t asks w i t h  both b r a i n  damaged and nonbrain damaged i n ­
d i v i d u a l s .  He thus p r e d i c t e d  t h a t  b r a i n  damaged i n d i v i d u a l s  
would m an i f e s t  a decr ease  in p er c ep t u a l  f u n c t i o n s  due to  
t h e i r  lower metabol ism which in t urn  reduces t h e i r  c o r t i c a l  
modi f i a b i 1i t y .
Eysenck (1955;  1957)  drawing from h i s  h y s t e r i c -  
dysthymic dimension extended h i s  f i n d i n g s  to i n c l u d e  p r e d i c ­
t i o n s  concerning t he  d u r a t i o n  o f  s p i r a l  a f t e r e f f e c t s .  He 
assumed t h a t  i n d i v i d u a l s  who a r e  prone to t he  development  
o f  h y s t e r i c a l  symptoms have a s t r ong  r e a c t i v e  i n h i b i t i o n  
which is generated r a p i d l y  and d i s s i p a t e d  s l o w l y .  Converse-
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l y ,  i n d i v i d u a l s  who a r e  d isposed to dysthymic d i s o r d e r s  have 
a weak r e a c t i v e  i n h i b i t i o n  which develops s l o w l y  and d i s s i ­
pa te s  q u i c k l y .  He f u r t h e r  reasoned from his  e x p er i me n ta l  
s t u d i e s  t h a t  t he  p a t t e r n  o f  symptoms m a n i f e s t ed  by t he  
h y s t e r i c  a re  s i m i l a r  t o  those  symptoms o f  b r a i n  damaged i n ­
d i v i d u a l s .  He p r e d i c t e d  t h a t  t h e  b r a i n  damaged i n d i v i d u a l  
would b u i l d  up c o n s i d e r a b l e  i n h i b i t i o n  when v ie wi n g  a r o ­
t a t i n g  s p i r a l  and should have a s h o r t e r  d u r a t i o n  o f  t he  
a f t e r e f f e c t  than t he  nonbra in  damaged i n d i v i d u a l .  Th is  p r e ­
d i c t i o n  was suppor ted by Eysenck,  H o l l a n d ,  and Trouton  
( 1 9 5 7 ) .  The i n v e s t i g a t o r s  made t he  assumption t h a t  d e p r e s ­
sant  drugs would lead to an i n c r e a s e  in i n h i b i t o r y  p o t e n t i a l s  
in t he  b r a i n  o f  normal s u b j e c t s  s i m i l a r  t o  t h a t  m a n i f e s t e d  
by b r a i n  damaged i n d i v i d u a l s .  I f  such an assumpt ion were  
v a l i d ,  then normal s u b j e c t s  under  t he  i n f l u e n c e  o f  a d e p r e s ­
sant  drug would m a n i f e s t  s h o r t e r  a f t e r e f f e c t s  than s u b j e c t s  
not  exposed t o  t he  drug.  Using s i x  normal s u b j e c t s  under  
both c o n d i t i o n s ,  f i r s t  under  drug c o n d i t i o n s  then under  
pl acebo c o n d i t i o n s ,  t he  i n v e s t i g a t o r s  found r e s u l t s  in a c ­
cordance w i t h  t h e i r  h y p o t h e s i s .
CHAPTER I I 
PROBLEM
In view o f  the  r e ce n t  e xp er ime n ta l  and t h e o r e t i c a l  
l i t e r a t u r e  d e a l i n g  w i t h  s p i r a l  a f t e r e f f e c t s ,  and in p a r t i c u ­
l a r  in regard to t he  d u r a t i o n  o f  t he  s p i r a l  a f t e r e f f e c t ,  i t  
is f e l t  t h a t  a f u r t h e r  e v a l u a t i o n  o f  the  s t imul us  c o n d i t i o n s  
g i v i n g  r i s e  to the  s p i r a l  a f t e r e f f e c t  should be more c a r e ­
f u l l y  e v a l u a t e d .  Such v a r i a b l e s  as speed o f  r o t a t i o n ,  i n ­
spe ct ion  t i m e ,  and d i r e c t i o n  o f  r o t a t i o n  have r a r e l y  been 
c o n s i s t e n t  from one s tudy to a n o t h e r .  In a d d i t i o n ,  some i n ­
v e s t i g a t o r s  have used a s p i r a l  o f  92 0°  w h i l e  o t h e r s  used a 
s p i r a l  o f  180° or  four  t hrows.  To d a t e ,  t h e r e  is no ev idence  
to suggest  t h a t  these  s p i r a l s  g i v e  comparable r e s u l t s .
S ince the p r i n c i p a l  i n t e r e s t  o f  t h i s  i n v e s t i g a t i o n  
is c e n t er e d  on the d u r a t i o n  o f  t h e  s p i r a l  a f t e r e f f e c t  i t  
was decided to u t i l i z e  a nonbr a i n  damaged p o p u l a t i o n .  Nor ­
mals were  s e l e c t e d  f o r  a number o f  reasons.  F i r s t ,  t h e r e  is 
a decided absence o f  e x p e r i m e n t a l  work w i t h  the  s p i r a l  a f t e r ­
e f f e c t  on a normal p o p u l a t i o n .  T h i s  would p r o v i d e  i n f o r m a ­
t i o n  f o r  b e t t e r  e v a l u a t i o n  o f  t he  r o l e  o f  c e r t a i n  s t imul us  
v a r i a b l e s  on s u b j e c t s  f r e e  o f  b r a i n  damage. Secondly ,  s ince
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t h i s  s tudy is p r i m a r i l y  concerned w i t h  t he  r o l e  o f  s t imulus  
v a r i a b l e s  in r e l a t i o n  to  t he  d u r a t i o n  o f  t he  a f t e r e f f e c t  
many o f  t he  problems encountered w i t h  b r a i n  damaged i n d i v i d ­
uals  w i l l  be avo i de d .  For example,  b r a i n  damaged i n d i v i d u a l s  
f r e q u e n t l y  do not  r e p o r t  the  a f t e r e f f e c t ,  thus t h i s  problem 
w i l l  t h e o r e t i c a l l y  be a vo ided .  T h i r d l y ,  normal s u b j e c ts  
w i l l  be more apt  to understand and comply w i t h  t he  procedure  
and thus a f i n e r  e v a l u a t i o n  o f  the  e f f e c t s  o f  t he  s t imulus  
v a r i a b l e s  can be made. F i n a l l y ,  e x pe r i m e n t a l  work w i t h  the  
s p i r a l  on a nonbrain damaged p o p u l a t i o n  w i l l  be o f  a s s i s t a n c e  
in i n t e r p r e t i n g  data  d e r i v e d  from t he  s t u d i e s  us i ng  b r a in  
damaged i n d i v i d u a l s .
As noted p r e v i o u s l y  some i n v e s t i g a t o r s  have found 
s p i r a l  a f t e r e f f e c t s  o f  a s h o r t e r  d u r a t i o n  in b r a i n  damaged 
i n d i v i d u a l s  ( G a l l e s e ,  1956; H ol l and  & Beech, 1958; P h i l b r i c k ,  
1959) .  Other  i n v e s t i g a t o r s  have r e p or t ed  longer  s p i r a l  
a f t e r e f f e c t  d u r a t i o n s  ( S p i va c k  & Le v i ne ,  1957; 1959) and 
s t i l l  o t h e r s  have r e p o r t e d  no s i g n i f i c a n t  d i f f e r e n c e s  (Page 
et  a l . ,  1957; Schein ,  I 960 ;  Truss & A l l e n ,  1 959) .  In view 
o f  these  c o n t r a d i c t o r y  f i n d i n g s ,  i t  is reas on ab le  to i n f e r  
t h a t  ev idence r e g ar d in g  the  d u r a t i o n  o f  t he  s p i r a l  a f t e r ­
e f f e c t  in b r a in  damaged and nonbrain damaged i n d i v i d u a l s  is 
equ i v o c a 1.
As p r e v i o u s l y  ment ioned i t  is f e l t  t h a t  d i f f e r e n c e s  
in the  s t imulus  v a r i a b l e s  u t i l i z e d  in t he  d i f f e r e n t  s tu d i es  
may account  f o r  t he  i n c o n s i s t e n c i e s  in t he  d u r a t i o n  o f  the
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s p i r a l  a f t e r e f f e c t .  An e v a l u a t i o n  o f  t h e  s t imul us  v a r i a b l e s  
( t y p e  o f  s p i r a l  used,  d i r e c t i o n  o f  r o t a t i o n ,  speed o f  r o t a ­
t i o n ,  and p e r i o d  o f  s t i m u l a t i o n )  g ene ra tes  many quest ions  
concerning s t im ul u s  c o n d i t i o n s  and t h e o r e t i c a l  issues.
Many i n v e s t i g a t o r s  ( G a l l e s e ,  1956; Page e t  a l . ,  1957;  
P h i l b r i c k ,  1959; Sche in ,  I 960;  Spi vack  & Lev ine ,  1957; 1959)  
used an Archimedes s p i r a l  o f  92 0°  o r  two and o n e - h a l f  t ur ns  
about i t s  c e n t e r .  W h i l e  o t h e r s  ( C o s t e l l o ,  I 960 ;  1961;
Eysenck e t  a l . ,  1962; H o l l a n d  & Beech, 1958)  used a s p i r a l  
o f  180° o r  f our  throws.  To d a t e ,  t h e r e  is no ev idence to  
suggest t h a t  t he  two s p i r a l s  render  s i m i l a r  a f t e r e f f e c t s  as 
f a r  as d u r a t i o n  is  concerned.
A problem c l o s e l y  r e l a t e d  to t he  t ype  o f  s p i r a l  con­
cerns the  d u r a t i o n  o f  t he  a f t e r e f f e c t  f o l l o w i n g  c lo c k wi s e  or  
c o u n t e r c l oc k wi s e  r o t a t i o n .  Berger  e t  a l .  ( 1 9 5 8 ) ,  C o s t e l l o  
( i 9 6 0 ) ,  and Eysenck e t  a l .  ( 1 9 62 )  r e p o r t e d  t h a t  the  d u r a t i o n  
o f  the  c o n t r a c t i o n  a f t e r e f f e c t  was seen f o r  a s h o r t e r  p e r i o d  
o f  t ime than was t he  d u r a t i o n  f o r  the  expansion a f t e r e f f e c t .  
However,  P i c k e r s g i l l  and Jeeves ( 1 9 5 8 )  us i ng  20 normal sub­
j e c t s  found no s i g n i f i c a n t  d i f f e r e n c e s  between c lo ck wi se  and 
c o u n t e r c l o c k w i s e  r o t a t i o n  as f a r  as a f t e r e f f e c t  d u r a t i o n  is  
concerned.  S ince  C o s t e l l o ,  Eysenck e t  a l . ,  and P i c k e r s g i l l  
and Jeeves used a d i f f e r e n t  type  o f  s p i r a l  ( 1 8 0 °  t yp e )  and 
in v iew o f  the f a c t  t h a t  t h e r e  is l i m i t e d  ev idence to suggest  
t h a t  the d u r a t i o n  o f  t he  a f t e r e f f e c t  is  c l o s e l y  r e l a t e d  f o r  
t he  two d i f f e r e n t  types o f  s p i r a l s  f u r t h e r  e v a l u a t i o n  o f  t h i s
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v a r i a b l e  seems to be p e r t i n e n t .
Speed o f  r o t a t i o n  has ranged from 64 rpm to 100 rpm. 
Truss and A l l e n  ( 1 9 59 )  used a r o t a t i o n  speed o f  64 rpm, 
Spivack and Lev ine  ( 1957;  1959)  and H o l l a n d  and Beech ( 19 58 )  
used a r o t a t i o n  speed o f  78 rpm, G a l l e s e  ( 1 9 5 6 )  used a r o t a ­
t i o n  speed o f  90 rpm, and,  f i n a l l y ,  a speed o f  100 rpm was 
used by Page e t  a l .  ( 1 9 5 7 ) ,  P h i l b r i c k  ( 1 9 5 9 ) ,  Schein ( I 9 6 0 ) ,  
C o s t e l l o  ( I 9 6 O; 1 9 6 1 ) ,  and Eysenck e t  a l .  ( 1 9 6 2 ) .  In v iew  
o f  t h e i r  c o n f l i c t i n g  f i n d i n g s  i t  may be t h a t  r o t a t i o n  speed 
was a r e l e v a n t  v a r i a b l e  in regard t o  t he  d u r a t i o n  o f  t he  
s p i r a l  a f t e r e f f e c t .
D u r a t i o n  o f  s t i m u l a t i o n  appears  to be a p e r t i n e n t  
v a r i a b l e  f o r  e x p e r i e n c i n g  t he  d u r a t i o n  o f  t he  a f t e r e f f e c t  
( H o l l a n d ,  1958; Ho l l an d  & Eysenck,  I 9 6 0 ;  P i c k e r s g i l l  &
Jeeves,  1958) .  Most i n v e s t i g a t o r s  have u t i l i z e d  a s t i m u l a ­
t i o n  p e r i o d  o f  30 seconds ( Ga 11ese,— 1956; Ho l l an d  & Beech,  
1 9 5 8 ; Page e t  a l . ,  1957; P h i l b r i c k ,  1959; Spivack & L e v in e ,  
1957; 1 9 5 9 ) .  Truss and A l l e n  ( 1 9 5 9 )  used 10 and 30 second 
i n s p e c t i o n  p e r i o d s .  They r e p o r t e d  t h a t  t he  d u r a t i o n  o f  t he  
a f t e r e f f e c t  was s i g n i f i c a n t l y  in cr e as ed  f o r  t he  30 second 
exposure p e r i o d .  Schein ( I 9 6 0 )  used s t i m u l a t i o n  t imes o f  
15 and 30  seconds.  He, t oo ,  r e p o r t e d  t h a t  t he  a f t e r e f f e c t  
d u r a t i o n  f o l l o w i n g  30 seconds o f  s t i m u l a t i o n  was longer  than 
the  a f t e r e f f e c t  f o l l o w i n g  t he  15 second s t i m u l a t i o n  p e r i o d .  
Ho l l an d  ( 1 9 5 8 )  i n d i c a t e d  t h a t  a s t i m u l a t i o n  p e r i o d  o f  90  
seconds led to a longer  p e r s i s t e n c e  o f  t he  s p i r a l  a f t e r e f f e c t
I. .
than d i d  s t i m u l a t i o n  p e r i o d s  o f  15, 30,  and 60 seconds.  In 
a l a t e r  s tudy Ho l l an d  and Eysenck ( I 9 6 0 )  r e p or t ed  t h a t  the  
r e l a t i o n s h i p  o f  a f t e r e f f e c t  d u r a t i o n  to s t i m u l a t i o n  t ime was 
c u r v i l i n e a r  and t h a t  t he  asymptote  was not  a t t a i n e d  even 
a f t e r  s t i m u l a t i o n  p er i o d s  o f  100 seconds.  I t  would thus  
seem p e r t i n e n t  t o  o b t a i n  f u r t h e r  ev idence  to d e t e r m i n e  t he  
r e l a t i o n s h i p  o f  s t i m u l a t i o n  t ime  and a f t e r e f f e c t  d u r a t i o n .
The p r e s e n t  a u t ho r  proposed and conducted a research  
study in which each o f  these  v a r i a b l e s  were a d j u s t e d  to two 
o f  t he  most f r e q u e n t l y  u t i l i z e d  s t im ul u s  c o n d i t i o n s  r e p or t ed  
by p r e v i ou s  i n v e s t i g a t o r s .  Th is  was done in the  hope o f  
adding some c l a r i t y  to t h e  p r a c t i c a l  and t h e o r e t i c a l  issues  
r e l e v a n t  to t h e  Archimedes s p i r a l  a f t e r e f f e c t .
CHAPTER I I I 
METHOD
St imulus Condi t  ions 
An Archimedes s p i r a l  o f  9 20°  o r  two and o n e - h a l f  
tu r ns  about  i t s  c e n t e r  was used.  As p r e v i o u s l y  mentioned  
t he  m a j o r i t y  o f  i n v e s t i g a t o r s  have used a s p i r a l  arrangement  
o f  t h i s  ty pe .  In a d d i t i o n ,  a s p i r a l  o f  180° or  four  throws  
was l i k e w i s e  used.  The reason f o r  i n c o r p o r a t i n g  a second 
type  o f  s p i r a l  is t h a t  a number o f  i n v e s t i g a t o r s  such as 
H o l l a n d  and Beech ( 1 9 5 8 ) ,  H ol l and and Eysenck ( I 9 6 0 ) ,  and 
C o s t e l l o  ( I 9 6 0 ;  1961)  have e x c l u s i v e l y  used t h i s  type o f  
s p i r a l .  Since t h e r e  is no ev idence to suggest  t h a t  the d i f ­
f e r e n t  s p i r a l s  y i e l d  comparable r e s u l t s  i t  seems to be p e r t i ­
nent  to compare t he  d u r a t i o n  o f  the  s p i r a l  a f t e r e f f e c t  f o r  
the  two d i f f e r e n t  types o f  s p i r a l s  to d e t e rm i ne  i f  i t  is 
a d v i s a b l e  to  g e n e r a l i z e  the f i n d i n g s  from one kind o f  s p i r a l  
p r e s e n t a t i o n  t o  t he  o t h e r .
The d u r a t i o n  o f  the a f t e r e f f e c t  was measured f o r  both  
c l o c k w i s e  and c o u n t e r c l o c k w i s e  p r e s e n t a t i o n s  o f  both s p i r a l s .  
This was done in o r d e r  to f u r t h e r  e v a l u a t e  the f i n d i n g s  o f  
Berger  e t  a l ,  ( 1 9 5 8 ) ,  C o s t e l l o  ( I 9 6 0 ) ,  and Eysenck e t  a l ,
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(1 9 62 )  in which t he y  found t he  d u r a t i o n  o f  the c o n t r a c t i o n  
a f t e r e f f e c t  (which f o l l o w s  c l o c k w i s e  r o t a t i o n )  to be seen 
f o r  s i g n i f i c a n t l y  s h o r t e r  p e r i o d s  o f  t im e than t he  expansion  
a f t e r e f f e c t  (which f o l l o w s  c o u n t e r c l o c k w i s e  r o t a t i o n ) .
Two r o t a t i o n  speeds were  u t i l i z e d .  F i r s t ,  a speed 
o f  78 rpm was used s inc e  Spi vack  and Lev ine  (1957;  1 959) ,  
Berger  e t  a l .  ( 1 9 5 8 ) ,  and H o l l a n d  and Beech ( 19 58 )  cons idered  
t h i s  speed to g i v e  t he  most d i f f e r e n t i a t i n g  r e s u l t s  between 
b r a i n  damaged and normal s u b j e c t s .  Secondly ,  a speed o f  100 
rpm was used in o r d e r  to compare t he  f i n d i n g s  o f  Page e t  a l .
( 1 9 5 7 ) ,  P h i l b r i c k  ( 1 9 5 9 ) ,  Schein ( I 9 6 0 ) ,  C o s t e l l o  ( I 9 6 0 ;
1961) ,  and Eysenck e t  a l .  ( 1 9 62 )  who u t i l i z e d  t h i s  speed o f  
r o t a t  i o n .
Time o f  s t i m u l a t i o n  was l i k e w i s e  v a r i e d  in two ways.
A 30  second exposure p e r i o d  was used in view o f  t he  f a c t  
t h a t  the  m a j o r i t y  o f  i n v e s t i g a t o r s  adhered to t h i s  s t i m u l a ­
t i o n  p e r i o d  ( B e r g e r  e t  a l . ,  1958; G a l l e s e ,  1956; H o l l an d  & 
Beech, 1958; Page e t  a l . ,  1957; P h i l b r i c k ,  1959; Spi vack  & 
Lev ine ,  1957; 1 959) .  A second exposure  p e r i o d  o f  100 seconds 
was used in o r d e r  to e v a l u a t e  t h e  c o n t e n t i o n  o f  H o l l an d  
( 1 9 5 8 ; 1 9 6 2 ) ,  H o l l a n d  and Eysenck ( I 9 6 0 ) ,  and Schein ( I 9 6 0 )  
t h a t  t he  s p i r a l  a f t e r e f f e c t  d u r a t i o n  is  a f u nc t i on  o f  s t i m u ­
l a t i o n  t ime.
Sub I e c t s
The sample c o n s i s t e d  o f  160 nonbra in  damaged i n d i v i d -
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u a l s .  The s u b j e c t s  were s e l e c t e d  from t he  genera l  c o l l e g e  
p o p u l a t i o n  a t  t h e  U n i v e r s i t y  o f  Oklahoma. I t  would seem to  
be a r e as on ab le  c o n c l u s i o n ,  un l ess  o t h e r w i s e  i n d i c a t e d ,  
t h a t  s t u de nt s  a c t i v e l y  engaged in academic cour se  work would  
be f r e e  o f  any b r a i n  damage.
The sample c o n s i s t e d  o f  80 males w i t h  an age range 
f rom 18 to 44 years w i t h  a mean age o f  2 2 . 6 5  y ea rs .  An equal  
number o f  females were s e l e c t e d  w i t h  an age range from 18 to  
44 years w i t h  a mean age o f  2 2 . 1 5  y ea rs .  In r egard  to the  
age and sex v a r i a b l e s  a number o f  s t u d i e s  ( B e r g e r  e t  a l . ,
1958; G a l l e s e ,  1956; Page e t  a l . ,  1957; Sche in ,  I 96 0 )  have 
r e p o r t e d  t h e r e  was no r e l a t i o n s h i p  between age and d u ra t i o n  
o f  the  r e p o r t e d  a f t e r e f f e c t .  The v a r i a b l e  o f  sex d i f f e r e n c e  
has not  been e x t e n s i v e l y  s t u d i e d  and i n v e s t i g a t o r s  have r e ­
p o r t e d  mixed f i n d i n g s  in r egard to t he  i n f l u e n c e  o f  t h i s  
v a r i a b l e .  For example,  G a l l e s e  ( 1 9 5 6 )  and Page e t  a l .  ( 1 9 57 )  
concluded t h a t  t he  d u r a t i o n  o f  t h e  a f t e r e f f e c t  was u n r e l a t e d  
to sex.  However,  S p i t z  and Lipman ( 1 9 5 9 )  r e p o r t e d  s i g n i f i ­
cant  d i f f e r e n c e s  between sexes as f a r  as t he  a f t e r e f f e c t  
d u r a t i o n  is concerned.  In v iew o f  t hese  r e s u l t s  i t  was de­
c ide d to  e v a l u a t e  w i t h i n  the  c o n t e x t  o f  t h i s  exper i ment  wh et h­
er  o r  not  d i f f e r e n c e s  e x i s t  between male and femal e  s ub j ec t s  
in r egard t o  t he  d u r a t i o n  o f  t he  s p i r a l  a f t e r e f f e c t .
Apparatus
A L a f a y e t t e  s p i r a l  r o t o r  w i t h  a range o f  10 to 130
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r e v o l u t i o n s  pe r  minute  was used.  This  inst rument  had an 
e le c t ro d y n a m i c  brake  which was c o n t r o l l e d  by t he  o p e r a t o r .
In a d d i t i o n ,  t h e r e  was a push bu t t on  which t he  s ub j e c t  
could compress a t  the  t ime  he saw the s p i r a l  a f t e r e f f e c t  
t e r m i n a t e ,  A Standard E l e c t r i c  t i m e r  was connected so t h a t  
the  appar ent  a f t e r e f f e c t  was p r e c i s e l y  measured from the t ime  
o f  i t s  onset  u n t i l  i t s  t e r m i n a t i o n ,  A stop watch was used 
to t ime  t he  d u r a t i o n  o f  t he  s t i m u l u s  p r e s e n t a t i o n ,
Procedu re
Fi ve  male and f i v e  femal e  s u b j e c t s  were randomly a s ­
signed to each o f  the  s t im u l u s  c o n d i t i o n s  l i s t e d  in Ta bl e  1, 
Each s u b j e c t  was seated e i g h t  f e e t  from the appar at us  as has 
been t he  customary procedure  in t he  m a j o r i t y  o f  s t u d i e s  r e ­
p o r t e d  in the  l i t e r a t u r e .  The s u b j e c t  was in a w e l l  i l l u m i ­
nated room and t he  i l l u m i n a t i o n  l e v e l  was p e r i o d i c a l l y  
checked.  In r egard  to t h i s  v a r i a b l e ,  the  l i t e r a t u r e  i n d i ­
c at es  t h a t  i l l u m i n a t i o n  l e v e l  appears t o  have l i t t l e  e f f e c t  
upon t he  proposed response v a r i a b l e .  For example,  Ho l l an d
( 1 9 5 8 ) as w e l l  as P i c k e r s g i l l  and Jeeves ( 1 9 5 8 )  r ep or t ed  
t h a t  t he  i l l u m i n a t i o n  l e v e l  was not  s i g n i f i c a n t l y  r e l a t e d  
to t he  d u r a t i o n  o f  the  a f t e r e f f e c t .  F i n a l l y ,  t he  s p i r a l  was 
pl aced on a t a b l e  so t h a t  i t  was 35 inches above t he  f l o o r ,
A background o f  medium gray mat board e x t en di ng  a p p r o x i m a t e ­
l y  24 inches out  from t he  c e n t e r  was p l ac e d  behind t he  r o ­
t a t i n g  spi r a l ,
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Tabl e  1
St imulus  Condi t ion s  
(N f o r  each c o n d i t i o n  10)
St imulus C ondi t ion S p i r a l
( t y p e )
D i r e c t  i on Speed 
( rpm)
T i me 
( s e c . )
1 . 920 CW 78 30
2. 920 CW 100 30
3. 920 CW 78 100
k . 920 CW 100 100
5. 920 CCW 78 30
6 . 920 CCW 100 30
7. 920 CCW 78 100
8. 920 CCW 100 100
9. 180 CW 78 30
10. 180 CW 100 30
1 1 . 180 CW 78 100
12. 180 CW 100 100
13. 180 CCW 78 30
14. 180 CCW 100 30
15. 180 CCW 78 100
16. 180 CCW 100 100
Key;
CW - c lo c k w i s e  r o t a t i o n
CCW - c o u n t e r c l o c k w i s e  r o t a t i o n
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The s ub j ec t s  were given d i r e c t i o n s  s i m i l a r  to those  
used by P r i c e  and Deabler  ( 1 9 5 5 )  w i t h  c e r t a i n  m o d i f i c a t i o n s .  
Standard d i r e c t i o n s  a r e  p r e s en t e d  in Tabl e  5 o f  the  Appendix.
Each s ub j ec t  was given ten t r i a l s  under  one o f  the  
st imul us  c o n d i t i o n s  pre sen ted  in T a b l e  1. The i n t e r t r i a l  
i n t e r v a l  was m ai n t a in e d a t  30 seconds as was t he  procedure  
in the  m a j o r i t y  o f  s t u d i e s  p r e v i o u s l y  r e p or t ed .  Dur ing the  
i n t e r t r i a l  p e r i o d  the  s u b j e c t  was t o l d  to look away from the  
s p i r a l  and a t  the  end o f  30 seconds was t o l d  to look again  
a t  the  c e n t e r  o f  the s p i r a l .  The 30 second i n t e r t r i a l  i n t e r ­
val  and t he  d u r a t i o n  o f  the  s t i m u l u s  p r e s e n t a t i o n  (30 sec.  
or  100 s e c . )  was measured by means o f  a stop watch which  
began when t he  s p i r a l  s t a r t e d  moving.  The s u b j e c t ' s  r e p or t e d  
d u r a t i o n  o f  t he  s p i r a l  a f t e r e f f e c t  was recorded on a Standard  
E l e c t r i c  t i m e r  ( .01  s e c . )  from which t he  r eading f o r  each o f  
the  ten t r i a l s  was ta ken .  The o r d e r  o f  the s t i m ul u s  p r e s e n ­
t a t i o n s  f o r  t he  males is given in T a b l e  6 o f  t h e  Appendix  
and the o r d e r  o f  s t imulus  p r e s e n t a t i o n s  f o r  t he  females is 
given in T a b l e  7 o f  the  Appendix.
CHAPTER IV 
RESULTS
The dat a  were e v a l u a t e d  by a B a r t l e t t ' s  t e s t  f o r  
homogeneity o f  v a r i a n c e .  The Chi Square v a l u e  was 1 4 . 4 9 ,  
which was not  s i g n i f i c a n t  a t  t he  .05 le ve l  o f  c o n f i d e n c e .
A 2 x 2 x 2 x 2 x 2  a n a l y s i s  o f  v a r i a n c e  was p e r ­
formed to d e t e rm i ne  i f  t h e  t r e a t m e n t  means were s i g n i f i c a n t ­
ly  d i f f e r e n t .  The r e s u l t s  o f  t h i s  a n a l y s i s  a r e  p r e s e n t e d  in 
Ta bl e  2.
From t he  r e s u l t s  p r e s e n t e d  in T ab l e  2 i t  is  e v i d e n t  
t h a t  the  t r e a t m e n t  means d i f f e r  s i g n i f i c a n t l y .  A n a l y s i s  
was then per formed to t e s t  f o r  s i g n i f i c a n t  d i f f e r e n c e s  among 
the  major  t r e a t m e n t  c o n d i t i o n s .  R es u l t s  o f  t h i s  a n a l y s i s  
a r e  pre sen ted  in Ta b l e  3.
R es u l t s  p re sen ted  in T a b l e  3 revea l  t h a t  t h r e e  o f  
t h e  f i v e  main e f f e c t s  ( d i r e c t i o n  o f  r o t a t i o n ,  speed o f  r o t a ­
t i o n ,  and i n s p e c t i o n  t i m e )  were s i g n i f i c a n t  w i t h  p r o b a b i l i ­
t i e s  less than t he  .01 l e v e l  o f  c o n f i d en c e .  The r emain ing  
two t r e a t m e n t  e f f e c t s  ( t y p e  o f  s p i r a l  and sex)  were  not  s i g -  
n i f i c a n t .
The o v e r - a l l  e f f e c t s  o f  t he  four  major  t r e a t m e n t
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T a b l e  2
A n a l y s i s  o f  V a r i a n c e  f o r  Tr ea t ment  Sum o f  Squares  
and W i t h i n  Treat ment  Sum o f  Squares
Source
Sum o f  
Squares
Degrees o f  
Freedom
Mean
Square F P
T reatments 7 7 12 6 .2 7 0 15 5141.751 2 9 . 14 3 .01
W i t h i n  t r e a t m e n t s 2 822 . 943 16 176.434
Tota  1 7994 9 . 21 3 31
T a b l e  3
A n a l y s i s  o f  V a r i a n c e f o r  Major  Tr ea t ment  C o n d i t i o n s
Sum o f Degrees o f Mean
Source Squares Freedom Square F P
A ; S p i r a l 131.1 14 1 131.1 14 .743 n . s .
B : Di r e c t i o n 4 4 2 9 . 8 3 4 1 4 4 2 9 . 8 3 4 2 5 .1 0 7 .01
C: Speed 20 89 .40 4 1 2 0 89 . 4 04 11.842 .01
D: In sp ec t io n 6 0 56 8 . 90 0 1 6 0 5 6 8 . 9 0 0 3 4 3 . 2 95 .01
E : Sex 17.036 1 17.036 .096 n . s .
E r r o r 28 22 .94 3 16 176.434
VjJho
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c o n d i t i o n s ,  namely,  p e r i o d  o f  i n s p e c t i o n ,  speed o f  r o t a t i o n ,  
type o f  s p i r a l ,  and d i r e c t i o n  o f  r o t a t i o n ,  a r e  g r a p h i c a l l y  
p resented  in F i g u r e  1,
V a r i a t i o n  in t y pe  o f  s p i r a l  which was used,  e i t h e r  
the  920°  o r  180° t y p e ,  a p p a r e n t l y  had l i t t l e  e f f e c t  as a 
main v a r i a b l e  as f a r  as f l u c t u a t i o n s  in the d u r a t i o n  o f  the  
a f t e r e f f e c t  was concerned.  The a f t e r e f f e c t  scores f o r  the  
two types o f  s p i r a l s  under v a r i e d  s t i mul us  c o n d i t i o n s  ( d i r e c ­
t i o n  o f  r o t a t i o n ,  speed o f  r o t a t i o n ,  and t ime o f  s t i m u l a t i o n )  
ar e  g r a p h i c a l l y  r e pr es e nt e d  in F i g ur e  2.
D i r e c t i o n  o f  r o t a t i o n ,  c lo c k wi s e  or  c o u n t e r c l o c k ­
w i s e ,  appeared t o  be a h i g h l y  s i g n i f i c a n t  v a r i a b l e .  The 
o v e r - a l l  r e s u l t s  i n d i c a t e d  t h a t  c lo c k wi s e  r o t a t i o n  which  
was f o l l ow ed  by the  expansion a f t e r e f f e c t  was r e p or t e d  as 
being seen f o r  a s i g n i f i c a n t l y  longer  p e r i o d  o f  t im e than  
was t he  c o n t r a c t i o n  a f t e r e f f e c t  which f o l l ow ed  c o u n t e r c l o c k ­
w i se  r o t a t i o n .  The a f t e r e f f e c t  scores f o r  the  two d i r e c t i o n s  
o f  r o t a t i o n  under t he  v a r i e d  s t i mul us  c o n d i t i o n s  ( t y p e  o f  
s p i r a l ,  speed o f  r o t a t i o n ,  and t ime  o f  s t i m u l a t i o n )  a r e  
g r a p h i c a l l y  p re sen ted  in F i gur e  3.
Speed o f  r o t a t i o n  appeared to be a more impor t ant  
v a r i a b l e  than p r e v i o u s  i n v e s t i g a t o r s  b e l i e v e d .  In terms o f  
the pr es en t  e x p er i m en t ,  a r o t a t i o n  speed o f  78 rpm gave a 
s i g n i f i c a n t l y  longer  a f t e r e f f e c t  than d i d  a r o t a t i o n  speed 
o f  100 rpm. The a f t e r e f f e c t  scores f o r  t he  two speeds o f  
r o t a t i o n  under t h e  v a r i e d  s t imul us  c o n d i t i o n s  ( t y p e  o f
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Figure 1. Duration o f  a f t e r e f f e c t  fo r  major t reatment co n d i t io n s .
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Figure 2. Duration o f  a f t e r e f f e c t  fo r  the two types o f  s p i r a ls  under v a r ie d  st imulus
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s p i r a l ,  d i r e c t i o n  o f  r o t a t i o n ,  and t ime o f  s t i m u l a t i o n )  a r e  
pre sen ted  in F i g u r e  4.
Time o f  s t i m u l a t i o n  appeared to be the most h i g h l y  
s i g n i f i c a n t  v a r i a b l e .  An i n s p e c t i o n  p e r i o d  o f  100 seconds 
r e s u l t e d  in a s i g n i f i c a n t l y  longer  s p i r a l  a f t e r e f f e c t  than 
did an i n s p ec t i o n  p e r i o d  o f  30 seconds.  The a f t e r e f f e c t  
scores f o r  the  two i n s p e c t i o n  p er i o d s  under the  v a r i e d  s t i m ­
ulus c o n d i t i o n s  ( t y p e  o f  s p i r a l ,  speed o f  r o t a t i o n ,  and 
d i r e c t i o n  o f  r o t a t i o n )  a r e  p r e s en t e d  in F i gur e  5.
F i n a l l y ,  t he  sex v a r i a b l e  was found to be a non­
s i g n i f i c a n t  f a c t o r  as f a r  as a f t e r e f f e c t  d u r a t i o n  was con­
cerned.
R es ul ts  o f  t h e  i n t e r a c t i o n  e f f e c t s  a r e  pr e se nt ed  in 
T ab l e  4 .  Only t h e  r e s u l t s  f o r  f i r s t  o r d e r  i n t e r a c t i o n s  a r e  
pre sen ted  s inc e  none o f  t he  o t h e r  o r d e r s  o f  i n t e r a c t i o n  were  
s i g n i f i c a n t .
The i n t e r a c t i o n  between speed o f  r o t a t i o n  and type  
o f  s p i r a l  is p r e s en t e d  in F i g u r e  6.  Th is  f i g u r e  i n d i c a t e s  
t h a t ,  a l t ho ugh t he  d u r a t i o n  o f  t h e  a f t e r e f f e c t  decreases as 
speed o f  r o t a t i o n  i n c r e a s e s ,  t h i s  decrease  is  g r e a t e r  f o r  
the  180° s p i r a l .
The i n t e r a c t i o n  e f f e c t  f o r  p e r i o d  o f  i n s p e c t i o n  and 
type  o f  s p i r a l  is r epr es e nt e d in F i g u r e  7.  This  f i g u r e  i n d i ­
c a t es  t h a t  as t h e  p e r i o d  o f  i n s p e c t i o n  is  in cr e as ed ,  t he  
d u r a t i o n  o f  t he  a f t e r e f f e c t  i n c r e a s e s .  However,  t he  i n cr ea se  
in d u r a t i o n  is g r e a t e r  f o r  t he  9 2 0°  s p i r a l  t h a n - f o r  t he  100°
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Figure 4 .  Duration o f  a f t e r e f f e c t  fo r  two speeds o f  r o ta t io n  under v a r ie d  st imulus
c o n d i t io n s .
ce
«-u
hiU.
h.
hiK
hi»-
<
hi
S
Kj j
KO
100 3 0  100 5 0  100 3 0  100 3 0  100 3 0  100 3 0
9 2 0 -7 8 -C W  I8 0 -7 6 *C W  9 2 0 -IO O  CCW I8 0  I0 0 -C C W  9 2 0 - |0 0 * C W  I8 0 * I0 0 -C W
100 30
9 2 0 -7 8 -C C W
100 3 0
1 8 0 -7 8 -C C W
STIMULUS CONDITIONS
F i g u r e  5. D u ra t i o n  o f  
condi t  ions.
a f t e r e f f e c t  f o r  t h e  two i n s p e c t i o n  p e r i o d s  under  v a r i e d  s t i mul us
) Table  4
F i r s t - O r d e r  I n t e r a c t i o n s  f o r  t h e  F a c t o r i a l  Exper iment
Source Sum o f  
Squares
Degrees o f  
Freedom
Mean 
Squa re F P
Sex X  S p i r a l 121.022 1 121.022 .686 n . s .
Di r e c t i o n  x S p i r a l .504 1 .504 .003 n . s .
Speed X S p i r a l 1527.051 1 1527.051 8 . 6 5 5 .01
I n s p e c t i o n  x S p i r a l 1855.542 1 1855.542 10 .516 .01
Sex X Di r e c t i o n 7.  179 1 7 . 1 7 9 . 040 n . s .
Speed X  D i r e c t i o n 1817.572 1 1817.572 10.301 .01
I n s p e c t i o n  x D i r e c t i o n 2 4 9 9 . 7 5 0 1 2 4 9 9 . 7 5 0 14 .168 .01
Sex X  Speed .269 1 .269 .002 n . s .
I n s p e c t i o n  x Speed 20 39 .92 2 1 20 39 .92 2 11.562 .01
I n s p e c t i o n  x Sex 2 1 . 1 6 9 1 2 1 . 1 6 9 .012 n . s .
E r r o r 2 822 . 94 3 16 176.434
■p-o
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Figure 6. In te r a c t io n  e f f e c t  fo r  speed o f  r o ta t io n  and type o f  s p i ra l
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ls>
920+30 920+100 180+30 180+100
Figure 7. In te r a c t io n  e f f e c t  fo r  per iod  o f  inspection and type o f  s p i r a l
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s p i r a l .
The i n t e r a c t i o n  e f f e c t  f o r  speed o f ^ r o t a t i o n  and 
d i r e c t i o n  o f  r o t a t i o n  is p re sen ted  in F i g ur e  8,  For c l o c k ­
w i se  r o t a t i o n  a change in r o t a t i o n  speed from 78 rpm t o  100 
rpm r e s u l t s  in a decrease  o f  t he  a f t e r e f f e c t  d u r a t i o n .  How­
e v e r ,  f o r  c o u n t e r c l o c k w i s e  r o t a t i o n  a change from 78 rpm to  
100 rpm r o t a t i o n  speed r e s u l t s  in no change in t he  d u r a t i o n  
o f  the  a f t e r e f f e c t .
The i n t e r a c t i o n  e f f e c t  f o r  p e r i o d  o f  i n s p e c t i o n  and 
d i r e c t i o n  o f  r o t a t i o n  is p re sen ted  in F i gur e  9- i t  is noted  
t h a t  f o r  both t he  30 second and 100 second i n s p e c t i o n  p e r i o d  
t h e r e  is a decrease  in t he  d u r a t i o n  o f  the  a f t e r e f f e c t  when 
a change is made from c l o c k w i s e  to c o u n t e r c l o c k w i s e  d i r e c ­
t i o n  o f  r o t a t i o n .  However,  t he  decrease  in d u r a t i o n  is more 
apparent  f o r  t he  100 second s t i m u l a t i o n  p e r i o d .
The i n t e r a c t i o n  e f f e c t  f o r  speed o f  r o t a t i o n  and i n ­
spect ion t ime is p r es en ted  in F i g ur e  10. This  graph i n d i c a t e s  
t h a t  when speed o f  r o t a t i o n  is changed from 78 rpm to 100 rpm 
under t he  30 second i n s p ec t i o n  p e r i o d  t h e r e  is no d i f f e r e n c e  
in the a f t e r e f f e c t  d u r a t i o n .  However,  when speed o f  r o t a t i o n  
is changed from 78 rpm t o 100 rpm under t he  100 second p e r i o d  
o f  insp ec t i on  t h e r e  is a marked decrease  in the  a f t e r e f f e c t  
du r a t  i o n .
The n o n s i g n i f i c a n t  i n t e r a c t i o n s  p rov id ed  a d d i t i o n a l  
us ef ul  i n f o r m a t i o n .  I t  is o f  importance to no te  t h a t  sex 
d i f f e r e n c e s  were u n r e l a t e d  to such v a r i a b l e s  as speed o f  ro-
-p-
78 4CW 100 tCW 78+CCW I004CCW
Figure 8. In t e r a c t io n  e f f e c t  fo r  speed o f  r o ta t io n  and d i r e c t io n  o f  r o ta t io n
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Figure 9 .  In te r a c t io n  e f f e c t  fo r  pe r io d^ o f  inspection and d i r e c t io n  o f  r o t a t io n .
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Figure 10. In te r a c t io n  e f f e c t  fo r  speed o f  r o ta t io n  and inspect ion period,
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t a t  ion,  t ype  o f  s p i r a l ,  and t ime  o f  s t i m u l a t i o n .  Such f i n d ­
ings g i v e  a d d i t i o n a l  support  to t he  c o n t e n t i o n  t h a t  males  
and females m a n i f e s t  no d i f f e r e n c e s  in regard to t he  d u r a ­
t i o n  o f  t h e i r  a f t e r e f f e c t s  under t h e  v a r i o u s  s t im ul u s  c o n d i ­
t i o n s .
The mean d u r a t i o n  a f t e r e f f e c t  scores f o r  a l l  s u b j e c t s  
under each o f  t he  s t i mul us  c o n d i t i o n s  a r e  r e por t ed  in T ab l e  
8 o f  t he  Appendix.
CHAPTER V 
DISCUSSION
In e v a l u a t i n g  t he  e f f e c t s  o f  the  s t imul us  c o n d i t i o n s  
which were v a r i e d  in t h i s  s t u d y ,  i t  i s  c l e a r  t h a t  c e r t a i n  
s t i m ul u s  c o n d i t i o n s  e l i c i t  d i f f e r e n t  r e p o r t s  as t o  t he  d u r a ­
t i o n  o f  the  s p i r a l  a f t e r e f f e c t .  In g e n e r a l ,  d i r e c t i o n  o f  
r o t a t i o n ,  speed o f  r o t a t i o n ,  and i n s p e c t i o n  t ime were  s i g ­
n i f i c a n t  v a r i a b l e s  in d e t e r m i n i n g  t h e  le ng th  o f  the  a f t e r ­
e f f e c t  d u r a t i o n .  V a r i a t i o n  in t he  o t h e r  two main v a r i a b l e s  
under i n v e s t i g a t i o n ,  sex o f  t he  s u b j e c t  and type  o f  s p i r a l ,  
appeared t o  have l i t t l e  e f f e c t  on t he  d u r a t i o n  o f  the  a f t e r ­
e f f e c t ,  a l t h o u g h  t he  type  o f  s p i r a l  d i d  have some d i f f e r e n ­
t i a l  e f f e c t s  in r e l a t i o n  to o t h e r  v a r i a b l e s .
Many i n v e s t i g a t o r s  ( G a l l e s e ,  1956; P h i l  b r i c k ,  1959;  
Schein ,  I 96 0;  Spivack £■ L ev ine ,  1957; 1959) used an A r c h i ­
medes s p i r a l  o f  9 2 0 ° ,  Others ( C o s t e l l o ,  I 96 0;  1961; H o l l a n d ,  
1 9 5 8 ; 1 9 6 2 ; H o l l a n d  & Beech,  1958)  used a s p i r a l  o f  180° ,
I t  has been thought  t h a t  t he  d i f f e r e n c e s  these  i n v e s t i g a t o r s  
r e p o r t e d  in d u r a t i o n  o f  t he  a f t e r e f f e c t  might  have been a t ­
t r i b u t e d  to t he  v a r i a t i o n  in t he  t y p e  o f  s p i r a l .  In v iew o f  
t h e  o v e r - a l l  r e s u l t s  o f  t h i s  s t u d y ,  a s p i r a l  o f  920o tended
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to  g i v e  an a f t e r e f f e c t  d u r a t i o n  comparable to t he  d u r a t i o n  
given by t h e  180° s p i r a l .  However,  in view o f  t he  s i g n i f i ­
cant  i n t e r a c t i o n s  i n v o l v i n g  t y pe  o f  s p i r a l  i t  would appear  
t h a t  f o r  c e r t a i n  combinat ions  o f  v a r i a b l e s  t he  t y p e  o f  s p i r a l  
does i n f l u e n c e  the d u r a t i o n  o f  t h e  a f t e r e f f e c t .  For example,  
a change in r o t a t i o n  speed from 78 rpm to 100 rpm r e s u l t e d  
in a decrease  in the  a f t e r e f f e c t  d u r a t i o n  f o r  the  180°  
s p i r a l .  However,  t he  92 0°  s p i r a l  ev idenced no appar ent  
change in t he  d u r a t i o n  o f  t he  a f t e r e f f e c t  when t h e  r o t a t i o n  
speed was a l t e r e d  from 78 rpm to 100 rpm. In a d d i t i o n ,  the  
s i g n i f i c a n t  i n t e r a c t i o n  between type o f  s p i r a l  and p e r i o d  
o f  i n s p e c t i o n  suggests t h a t  when t he  i n s p e c t i o n  p e r i o d  i s ”" - 
incr eased from 30 seconds t o  100 seconds t h e r e  is an apparent  
i n c r e a s e  in the  d u r a t i o n  o f  t he  a f t e r e f f e c t  f o r  both types  
o f  s p i r a l s .  However,  t he  i n c r e a s e  appears to be g r e a t e r  
f o r  t he  9 2 0°  s p i r a l  than f o r  t he  180° s p i r a l .
Speed o f  r o t a t i o n  was found to be a more i mpor tant  
v a r i a b l e  than pr ev ious  i n v e s t i g a t o r s  had r e p o r t e d .  Ho l l an d  
( 19 58 ;  1 9 6 2 ) ,  f o r  example,  i n d i c a t e d  t h a t  on t he  b as is  o f  
h i s  i n v e s t i g a t i o n s ,  speed o f  r o t a t i o n  was u n r e l a t e d  to the  
l en g th  o f  t h e  r e por t ed  a f t e r e f f e c t .  The r e s u l t s  o f  t h i s  
i n v e s t i g a t i o n  demonstrated t h a t  a r o t a t i o n  speed o f  78 rpm 
gave r i s e  t o  a s i g n i f i c a n t l y  l onger  a f t e r e f f e c t  than d i d  a 
r o t a t i o n  speed o f  100 rpm. I t  i s  p o s s i b l e  t h a t  v a r i a t i o n s  
in r o t a t i o n  speed which were  used by p r e v i ou s  i n v e s t i g a t o r s  
may have accounted in p a r t  f o r  t h e  d i s c r e p a n c i e s  which they
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r e p or t ed  in r egard  to t he  d u r a t i o n  o f  t he  a f t e r e f f e c t .  For  
example,  H o l l a n d  and Beech ( 1 9 58 )  u s i ng  the s t imulus  c o n d i ­
t i o n ,  180° s p i r a l ,  c o u n t e r c l o c k w i s e  r o t a t i o n ,  78 rpm r o t a ­
t i o n  speed,  and a 30 second i n s p e c t i o n  p e r i o d ,  r ep or t ed  a 
mean d u r a t i o n  a f t e r e f f e c t  o f  19.7 seconds f o r  t h e i r  group.  
Eysenck e t  a l .  ( 19 62 )  i n d i c a t e d  t h a t  f o r  a p p r o x i m a t e l y  the  
same s t imul us  c o n d i t i o n  w i t h  the  e x ce p t i o n  o f  r o t a t i o n  speed 
which was 100 rpm, r e s u l t e d  in an a f t e r e f f e c t  d u r a t i o n  o f  
14.7 seconds f o r  t h e i r  normal group.  This  d i f f e r e n c e  is in 
t he  same d i r e c t i o n  as t he  d i f f e r e n c e s  found in the p r es en t  
study.  Asi de  from t he  main e f f e c t s  o f  r o t a t i o n  speed,  the  
i n t e r a c t i o n s  between speed o f  r o t a t i o n  and o t h e r  v a r i a b l e s  
may p r o v i d e  a d d i t i o n a l  c l a r i t y .  For example,  as speed o f  
r o t a t i o n  is i ncreased from 78 rpm to 100 rpm under t he  30 
second s t i m u l a t i o n  p e r i o d  t h e r e  is  no appa re nt  change in the  
d u r a t i o n  o f  t h e  a f t e r e f f e c t .  However,  when speed o f  r o t a ­
t i o n  is incr ea sed from 78 rpm to 100 rpm under the 100 
second i n s p e c t i o n  p e r i o d  a r o t a t i o n  speed o f  78 rpm g i ves  a 
longer  a f t e r e f f e c t  than does a r o t a t i o n  speed o f  100 rpm.
Clockwi se  r o t a t i o n  ( f o l l o w e d  by an expansion a f t e r ­
e f f e c t )  r e s u l t e d  in an a f t e r e f f e c t  o f  longer  d u r a t i o n  than 
di d c o u n t e r c l o c k w i s e  r o t a t i o n  ( f o l l o w e d  by a c o n t r a c t i o n  
a f t e r e f f e c t ) .  This  f i n d i n g  was c l e a r l y  in support  o f  t he  
conc l us ions  r e p o r t e d  by Berger  e t  a l .  ( 1 9 5 8 ) ,  C o s t e l l o  
( i 9 6 0 ) ,  and Eysenck e t  a l .  ( 1 9 6 2 ) .  Such a f i n d i n g  may w e l l  
account f o r  some d i s c r e p a n c i e s  r e p o r t e d  in the  l i t e r a t u r e
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where such d i f f e r e n c e s  in d i r e c t i o n  o f  r o t a t i o n  were  ignored.  
For example,  Spivack and Levine ( 19 59 )  r epor ted  t h a t  f o r  the  
s t imul us  c o n d i t i o n ,  920°  s p i r a l ,  c lo ck wi se  r o t a t i o n ,  78 rpm 
r o t a t i o n  speed,  and 30 second i n s p ec t i o n  p e r i o d ,  t h e i r  normal  
group had a mean a f t e r e f f e c t  d u r a t i o n  o f  16.5  seconds.  The 
r e s u l t s  o f  t h e  p r es en t  exper i ment  i n d i c a t e d  t h a t  t h e  same 
s t imul us  c o n d i t i o n s  r e s u l t e d  in a mean a f t e r e f f e c t  d u r a t i o n  
o f  15.5  seconds.  In a d d i t i o n ,  s i m i l a r  s t imulus  c o n d i t i o n s  
w i t h  c o u n t e r c l o c k w i s e  i n s t e a d  o f  c lo c k wi s e  r o t a t i o n  r e s u l t e d  
in a mean d u r a t i o n  a f t e r e f f e c t  o f  11.3 seconds. U n f o r t u n a t e ­
l y ,  i n v e s t i g a t o r s  using o n l y  c o u n t e r c l o c k w i s e  r o t a t i o n s  
( G a l l e s e ,  1956; P h i l b r i c k ,  1959)  d i d  not  r e p o r t  t h e  mean 
a f t e r e f f e c t  scores f o r  t h e i r  c o n t r o l  group s i n ce  t he  pr im ar y  
o b j e c t i v e  o f  t h e i r  i n v e s t i g a t i o n  was to de te rmi ne  t h e  presence  
or  absence o f  t he  s p i r a l  a f t e r e f f e c t .  They s imply  r e p or t ed  
as an i n c i d e n t a l  f i n d i n g  o f  t h e i r  research t h a t  b r a i n  damaged 
s u b j e c t s  e x h i b i t e d  s h o r t e r  a f t e r e f f e c t  d u r a t i o n s  than d i d  
norma 1s .
The s i g n i f i c a n t  i n t e r a c t i o n s  i n v o l v i n g  d i r e c t i o n  o f  
r o t a t i o n  may g i v e  f u r t h e r  c l a r i t y  to the  i n f l u e n c e  o f  t h i s  
v a r i a b l e .  The i n t e r a c t i o n  between speed o f  r o t a t i o n  and 
d i r e c t i o n  o f  r o t a t i o n  i n d i c a t e s  t h a t  when a change is  made 
from a r o t a t i o n  speed o f  78 rpm t o  100 rpm under c o n d i t i o n s  
o f  c o u n t e r c l o c k w i s e  r o t a t i o n  t h e r e  is no s i g n i f i c a n t  change  
in the  d u r a t i o n  o f  t he  a f t e r e f f e c t .  However,  when a change 
is made from 78 rpm to 100 rpm under c o n d i t i o n s  o f  c l o c k w i s e
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r o t a t i o n ,  the d u r a t i o n  o f  t he  a f t e r e f f e c t  is longer  f o r  a 
r o t a t i o n  speed o f  78 rpm. The s i g n i f i c a n t  i n t e r a c t i o n  be­
tween d i r e c t i o n  o f  r o t a t i o n  and i n s p e c t i o n  p e r i o d  i n d i c a t e s  
t h a t  a change from c l o c k w i s e  t o  c o u n t e r c l o c k w i s e  r o t a t i o n  
under a 30 second s t i m u l a t i o n  p e r i o d  r e s u l t s  in no appar ent  
change in the d u r a t i o n  o f  t he  a f t e r e f f e c t .  However,  a change  
f rom c l o c k w i s e  to c o u n t e r c l o c k w i s e  r o t a t i o n  under  a 100 
second s t i m u l a t i o n  p e r i o d  r e s u l t s  in a s i g n i f i c a n t l y  longer  
a f t e r e f f e c t  d u r a t i o n  f o r  c l o c k w i s e  r o t a t i o n .
Dur at i on  o f  s t i m u l a t i o n  appears to have been a h i g h ­
ly  s i g n i f i c a n t  v a r i a b l e  in d e t e r m i n i n g  t he  d u r a t i o n  o f  the  
s p i r a l  a f t e r e f f e c t .  The s i z e  o f  t he  sum o f  squares a s s o c i a t e d  
w i t h  i n s p e c t i o n  t ime  suggests t h a t  t h i s  v a r i a b l e  c o n t r i b u t e d  
most to t h e  length o f  t he  a f t e r e f f e c t  e x p e r i e n c e .  A s t i m u l a ­
t i o n  p e r i o d  o f  100 seconds r e s u l t e d  in s i g n i f i c a n t l y  longer  
a f t e r e f f e c t  d u r a t i o n s  than d i d  a s t i m u l a t i o n  p e r i o d  o f  30 
seconds.  These r e s u l t s  a r e  in accordance w i t h  the  f i n d i n g s  
o f  H o l l a n d  (1958;  1 962) ,  H o l l an d  and Eysenck ( I 9 6 0 ) ,  and 
Schein ( I 9 6 0 )  who r e p or t ed  t h a t  d u r a t i o n  o f  t he  a f t e r e f f e c t  
i n cr ea sed  w i t h  pr olonged p e r i o d s  o f  s t i m u l a t i o n .  I t  is h i g h ­
l y  p r o b a b l e  t h a t  t h i s  v a r i a b l e  accounts f o r  much o f  t he  
v a r i a b i l i t y  r e por t ed  in t he  l i t e r a t u r e  c oncer ning  t he  d u r a ­
t i o n  o f  t h e  a f t e r e f f e c t .  For example,  Spi vack  and Levine  
( 19 57 ;  1959)  using a 30 second i n s p e c t i o n  p e r i o d  r e p or t ed  
mean a f t e r e f f e c t  d u r a t i o n s  o f  14 .8  and 16 .5  seconds f o r  t h e i r  
c o n t r o l  group.  In a d d i t i o n .  Truss and A l l e n  ( 1 9 5 9 )  us ing a
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30 second i n s p e c t i o n  p e r i o d  found a mean a f t e r e f f e c t  d u r a ­
t i o n  o f  12 seconds f o r  t h e i r  c o n t r o l  group.  Ho l l an d ( 1 9 5 8 )  
us ing  a 90 second i n s p e c t i o n  p e r i o d  r e p o r t e d  a mean a f t e r ­
e f f e c t  d u r a t i o n  o f  25 seconds f o r  h i s  group o f  normals,  
C o s t e l l o  ( i 9 6 0 ) used a 60 second i n s p e c t i o n  p e r i o d  and r e ­
p o r t e d  a mean a f t e r e f f e c t  d u r a t i o n  o f  2 0 . 2  seconds. Thus,  
t h e  f i n d i n g s  from t h i s  s tudy qu es t i on  t he  a d v i s a b i l i t y  o f  
comparing t he  r e s u l t s  o f  i n v e s t i g a t o r s  us ing v a r i e d  p e r i o d s  
o f  s t i m u l a t i o n .  in a d d i t i o n ,  t he  importance o f  the  i n s p e c ­
t i o n  p e r i o d  was a l s o  emphasized by t he  p r e v i o u s l y  noted  
i n t e r a c t i o n s  between p e r i o d  o f  i n s p e c t i o n  and type  o f  s p i r a l ,  
d i r e c t i o n  o f  r o t a t i o n ,  and speed o f  r o t a t i o n .
I t  is r a t h e r  d i f f i c u l t  t o  compare t h i s  study to those  
r e p o r t e d  by i n v e s t i g a t o r s  us ing o n l y  b r a i n  damaged s u b j e c t s  
s i n c e  the  o b j e c t i v e  o f  t he  pre'sent i n v e s t i g a t i o n  was t o  e v a l ­
u a t e  t he  r o l e  o f  c e r t a i n  s t im ul u s  c o n d i t i o n s  on the d u r a t i o n  
o f  t he  a f t e r e f f e c t  w i t h  a normal popul a t To n.  However,  t he  
c o n t r a d i c t o r y  f i n d i n g s  r e p o r t e d  f o r  t h e  d u r a t i o n  o f  t he  
a f t e r e f f e c t  in b r a i n  damaged and o t h e r  comparison p o p u l a t i o n s  
may have been a f u n c t i o n  o f  v a r i a t i o n s  in c e r t a i n  s t i m ul u s  
condi t i o n s .
A l t hough numerous s t u d i e s  have been made u t i l i z i n g  
t h e  s p i r a l  a f t e r e f f e c t  phenomenon, t h e r e  is a decided a b­
sence o f  a de qua te  t h e o r i z i n g  to e x p l a i n  the  development  o f  
t h e  a f t e r e f f e c t .  Spi vack  and Levine ( 1 9 5 9 )  a f t e r  r e v i e w i n g  
t h e  c u r r e n t  t h e o r i e s  o f  a f t e r e f f e c t s  concluded,  " t h e  n e u r o ­
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l o g i c a l  mechanism u n d e r l y i n g  t he  e f f e c t s  [ s p i r a l  a f t e r e f f e c t  
movement] i s  a complete mystery"  ( S p i v a c k  & Lev ine ,  1959,
p. 2 1 1 ) .
The t h e o r e t i c a l  p o s i t i o n s  advanced by Saucer (1953;  
1954; 1 9 5 6 ) ,  Shapr io  ( 1 9 5 4 ) ,  and Wer t he imer  ( 1954;  1955)  ar e  
cons idered  to be general  t h e o r i e s  o f  b r a in  f u n c t i o n i n g  which  
use a f t e r e f f e c t  data as support  f o r  t h e i r  hypotheses.  None 
o f  these  t h e o r i e s  accounts f o r  t he  development  o f  an a f t e r ­
e f f e c t  and each appears to be u n i q u e l y  c o nf i n e d  to the  e f f e c t s  
o f  b r a i n  i n j u r y .  For example.  Saucer and Deab ler  ( 1 9 56 )  con­
s id er e d  the  ar ous a l  o f  v i s u a l  a f t e r e f f e c t s  to be a g l oba l  
e f f o r t  o f  t he  e n t i r e  c o r t e x .  in regard to the  mechanisms 
u n d e r l y i n g  t he  a f t e r e f f e c t ,  they  s t a t e d ,  " E v i d e n t l y  p e r c e p ­
t i o n  cannot  be f r a c t i o n a t e d  i n t o  v i s u a l  o r  o t h e r  components 
but is a g l oba l  e f f o r t  o f  the  e n t i r e  c o r t e x "  (Saucer  &
D ea b l e r ,  1956,  p.  3 8 8 ) .  Shapr io  ( 1 9 5 4 )  s t a t e d  t h a t  i r r a d i a ­
t i o n  e f f e c t s  from one p a r t  o f  t he  b r a i n  combines in some 
manner w i t h  i r r a d i a t i o n  e f f e c t s  produced in anot her  p a r t  o f  
t he  b r a in  to g i v e  an a f t e r e f f e c t  e x p e r i e n c e .  F i n a l l y ,  
Wertheimer  ( 1 9 5 5 )  r epor ted  t h a t  d i f f e r e n c e s  in t he  d u r a t i o n  
o f  f i g u r a i  a f t e r e f f e c t s  r e f l e c t  d i f f e r e n c e s  in t he  ease  
w i t h  which m o d i f i c a t i o n s  in c o r t i c a l  c o n d u c t i v i t y  t ake  
p l a c e .
Sever a l  i n v e s t i g a t o r s  have u t i l i z e d  the  p o s i t i o n  
pr esent ed  by Koh l er  and Wa l l ac h ( 1 9 4 4 )  as a model in a t ­
t empt ing to account  f o r  v i s u a l  a f t e r e f f e c t s .  Osgood and
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Heyer ( 1 9 5 2 ) ,  K l e i n  and Krech ( 1 9 5 2 ) ,  George ( 1 9 5 3 ) ,  and 
Deutsch ( 1 9 56 )  have p r e s en t ed  such t h e o r i e s .  However,  none 
o f  these  t h e o r i e s  appears to g i ve  an adequate e x p l a n a t i o n  
o f  v i s u a l  a f t e r e f f e c t s .  Smith ( 1 9 52 )  s p e c i f i c a l l y  c i t e d  
t h a t  t he  spi ra l  a f t e r e f f e c t  phenomenon cannot  be accounted  
f o r  by t he  t h e o r i e s  o f  Osgood-Heyer and K l e i n  and Krech,  
Smith f u r t h e r  s t a t e d  t h a t  n e i t h e r  t h e o r y  can e x p l a i n  the  
appa re nt  movement o f  t he  s p i r a l  when r o t a t i o n  is  h a l t e d .  
S p i t z  ( 1 9 5 8 ) p o in t e d  out  t h a t  George 's  e x p l a n a t i o n  does not  
account  f o r  t he  c o n t r a c t i o n  o r  expansion a f t e r e f f e c t s .  
F i n a l l y ,  G r i f f i t h  and S p i t z  ( 19 58 )  r e por t ed  t h a t  Deut sch 's  
t h e o r y  f a i l s  to account  f o r  the  f a c t  t h a t  the  a f t e r e f f e c t  
can be seen on a t e s t  s u r f a c e  devoid o f  cont our s,
Eysenck ( 1 9 55 )  e x p l a i n s  the  p e r s i s t e n c e  o f  s p i r a l  
a f t e r e f f e c t s  as being r e l a t e d  to one o f  the  parameters  o f  
t he  e x t r o v e r s i o n - i n t r o v e r s i o n  dimensions o f  p e r s o n a l i t y .  
According to Eysenck,  t he  i n t r o v e r t  is  c h a r a c t e r i z e d  by low 
i n h i b i t o r y  p o t e n t i a l  and high e x c i t a t i o n .  The e x t r o v e r t  is 
c h a r a c t e r i z e d  by high i n h i b i t i o n  and low e x c i t a t i o n .  The 
i n t r o v e r t  would e x p e r i e n c e  long a f t e r e f f e c t  d u r a t i o n s  be­
cause e x c e s s i v e  e x c i t a t i o n  would be developed by t he  r o ­
t a t i n g  s p i r a l .  The e x t r o v e r t  would e x p e r i e n ce  shor t  a f t e r ­
e f f e c t s  because e x c e s s i v e  i n h i b i t i o n  would pr ev en t  t he  b u i l d  
up o f  e x c i t a t i o n  produced by the r o t a t i n g  s p i r a l ,  P i c k e r s -  
g i l l  and Jeeves ( 1 9 5 8 ) ,  Schein ( I 9 6 O) ,  and Ho l l an d ( 1 9 62 )  
r e p o r te d  t h a t  the  r e s u l t s  o f  t h e i r  i n v e s t i g a t i o n s  i n d i c a t e d
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no s i g n i f i c a n t  d i f f e r e n c e s  between t he  d u r a t i o n  o f  t he  a f t e r ­
e f f e c t s  in i n t r o v e r t s  and e x t r o v e r t s .  The c u r r e n t  study did  
not e x p l o r e  the p o s s i b l e  r e l a t i o n s h i p  o f  these v a r i a b l e s .  
However,  i t  is d i f f i c u l t  to f i n d  any p o s s i b l e  r e l eva nce  o f  
Eysenck's  t h e o r i z i n g  in a p p l i c a t i o n  to the data  o b t a i n e d  in 
the  p re s e n t  s tudy.
The r e s u l t s  o f  the  p r e s e n t  i n v e s t i g a t i o n  cannot  a t  
t h i s  t ime be i n t e r p r e t e d  in any meaningful  manner by the  
c u r r e n t  t h e o r i e s  o f  v i s u a l  a f t e r e f f e c t s .  An adequate t he or y  
o f  v i s u a l  a f t e r e f f e c t s  should account  f o r  t he  d i f f e r e n c e s  
in d u r a t i o n  o f  the  a f t e r e f f e c t  as being r e l a t e d  to t im e o f  
s t i m u l a t i o n ,  r o t a t i o n  speed,  and d i r e c t i o n  o f  r o t a t i o n .  A 
s a t i s f a c t o r y  e x p l a n a t i o n  o f  t he  s p i r a l  a f t e r e f f e c t  w i l l  
p r ob ab l y  depend upon f u t u r e  i n v e s t i g a t i o n s  o f  the  p e r t i n e n t  
p h y s i o l o g i c a l  v a r i a b l e s  i n v o l v e d  and genera l  methodologi cal  
advances in t h i s  type  o f  r e se a r c h .
The major  c o n t r i b u t i o n  o f  t h i s  study would seem to  
be t he  s y s te m at ic  i n v e s t i g a t i o n  o f  what appeared to t h i s  
r e s ea r ch er  to be some o f  t he  major  s t i mul us  c o n d i t i o n s  and 
t h e i r  r e l a t i o n s h i p  to t he  d u r a t i o n  o f  t he  a f t e r e f f e c t .  The 
major  s i g n i f i c a n c e  o f  t he  p r e s e n t  s tudy would then appear  
to be e m p i r i c a l  in n a t u r e .  The r e p or t ed  f i n d i n g s  o f  t h i s  
i n v e s t i g a t i o n  should f a c i l i t a t e  t he  i d e n t i f i c a t i o n  o f  c e r t a i n  
st imul us  c o n d i t i o n s  p e r t i n e n t  to the  d u r a t i o n  o f  the s p i r a l  
a f t e r e f f e c t .  Once the more c r i t i c a l  s t imul us  c o n d i t i o n s  have 
been s y s t e m a t i c a l l y  e x p l o r e d ,  f u t u r e  research w i t h  s p i r a l
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a f t e r e f f e c t s  when o r i e n t e d  toward i t s  d i a g n o s t i c  and o t h e r  
a p p l i c a t i o n s  should r e s u l t  in more meaningfu l  r e l a t i o n s h i p s .  
For example,  much o f  t he  c o n t r a d i c t o r y  ev idence on the  v a l u e  
o f  the  s p i r a l  a f t e r e f f e c t  in d i ag nos in g b r a i n  damage may be 
c l a r i f i e d  by more r i g o r o u s  c o n t r o l  o f  the  p r e v i o u s l y  ignored  
s t i mul us  v a r i a t i o n s .
CHAPTER VI 
SUMMARY
The s tudy was designed to i n v e s t i g a t e  t he  e f f e c t s  
o f  c e r t a i n  s t i mul us  v a r i a b l e s  upon t he  d u r a t i o n  o f  the  s p i r a l  
a f t e r e f f e c t .  The major  s t im ul u s  v a r i a b l e s  which were manipu­
l a t e d  in two ways i nc l uded:  t ype  o f  s p i r a l  ( 9 2 0 °  or  1 8 0 ° ) ,
speed o f  r o t a t i o n  (78 or  100 rpm),  d i r e c t i o n  o f  r o t a t i o n  
( c l o c k w i s e  or  c o u n t e r c l o c k w i s e ) ,  and t ime o f  s t i m u l a t i o n  
(30 or  100 seconds) .  The study f u r t h e r  e v a l u a t e d  the  i n ­
f l u e n c e  o f  sex d i f f e r e n c e s  as r e l a t e d  to t he  d u r a t i o n  o f  
t he  a f t e r e f f e c t .
S ince  t h e  pr im ar y  o b j e c t i v e  o f  t h i s  i n v e s t i g a t i o n  
was to e v a l u a t e  c e r t a i n  v a r i e d  s t i m u l u s  c o n d i t i o n s  and t h e i r  
r e l a t i o n s h i p  to  the  a f t e r e f f e c t  d u r a t i o n ,  o n l y  nonbra in  dam­
aged s u b j e c ts  were  used in t h i s  s t udy .  The sample c o n s i s t e d  
o f  80 male and 80 female s u b j e c t s  s e l e c t e d  from t he  general  
c o l l e g e  p o p u l a t i o n .  An equal  number o f  male and female  sub­
j e c t s  were randomly assigned to each o f  s i x t e e n  s t imul us  
c o n d i t i o n s  r e p r e s e n t i n g  the  v a r i o u s  combinat ions  o f  t he  
major  s t im ul u s  v a r i a b l e s .
The o v e r - a l l  r e s u l t s  o f  t he  i n v e s t i g a t i o n  r e ve a l ed
58
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t h a t  t he  d u r a t i o n  o f  t he  a f t e r e f f e c t  was s i g n i f i c a n t l y  i n ­
f l u en ce d  by t h r e e  o f  t he  f i v e  ma ni pu l a t ed  v a r i a b l e s .  Spe­
c i f i c a l l y ,  v a r i a t i o n s  in speed o f  r o t a t i o n ,  d i r e c t i o n  o f  
r o t a t i o n ,  and t ime o f  s t i m u l a t i o n ,  r e s u l t e d  in s i g n i f i c a n t  
d i f f e r e n c e s  in a f t e r e f f e c t  d u r a t i o n .  A r o t a t i o n  speed o f  
78 rpm gave s i g n i f i c a n t l y  longer  a f t e r e f f e c t s  than did  a 
r o t a t i o n  speed o f  100 rpm. Clockwise r o t a t i o n  o f  t he  s p i r a l  
r e s u l t e d  in longer  a f t e r e f f e c t s  than did  c o u n t e r c l o c k w i s e  
r o t a t i o n s .  And, f i n a l l y ,  a s t i m u l a t i o n  p e r i o d  o f  100 seconds 
r e s u l t e d  in longer  a f t e r e f f e c t s  than d i d  a s t i m u l a t i o n  p e r i o d  
o f  30  seconds.  As a major  v a r i a b l e  the  type  o f  s p i r a l  a p­
peared to have no s i g n i f i c a n t  e f f e c t  on the  d u r a t i o n  o f  the  
a f t e r e f f e c t .  However,  t he  t ype  o f  s p i r a l  d i d  have s i g n i f i ­
cant  i n t e r a c t i o n  e f f e c t s  in r e l a t i o n  to speed o f  r o t a t i o n  
and i n s p e c t i o n  p e r i o d .  In r egard to the  f i n a l  major  v a r i ­
a b l e ,  t h e r e  were no s i g n i f i c a n t  d i f f e r e n c e s  in d u r a t i o n  o f  
t he  a f t e r e f f e c t  as f u n c t i o n  o f  sex d i f f e r e n c e s .
There were f i v e  s i g n i f i c a n t  f i r s t  o r d e r  i n t e r a c t i o n  
e f f e c t s  between v a r i a b l e s .  These i n c l ude d,  speed and s p i r a l ,  
speed and d i r e c t i o n ,  i n s p e c t i o n  and d i r e c t i o n ,  and,  f i n a l l y ,  
i n s p e c t i o n  and s p i r a l .
The f i n d i n g s  o f  t h i s  i n v e s t i g a t i o n  were  r e l a t e d  to  
t he  r e s u l t s  r ep or t ed  by p r e v i ou s  i n v e s t i g a t o r s  in an a t t em pt  
to add some c l a r i t y  to t he  d i s c r e p a n c i e s  noted in t he  l i t e r a ­
t u r e  concerning the  d u r a t i o n  o f  t he  s p i r a l  a f t e r e f f e c t .
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T ab l e  5 
Standard I n s t r u c t i o n s
" T h i s  is a v i s u a l  t e s t .  Look a t  t he  c e n t e r  ( p o i n t ­
in g)  o f  t he  s p i r a l  and do not  look away u n t i l  I t e l l  you,"  
Then a 65 second r o t a t i o n  o f  t he  s p i r a l  began ( t y p e  o f  s p i r a l  
and d i r e c t i o n  o f  r o t a t i o n  is t he  same as f o r  t he  s u b j e c t ' s  
e xp er ime n ta l  c o n d i t i o n )  and r o t a t e d  a t  a speed o f  90 rpm.
At the  end o f  30 seconds the  s u b j e c t  was asked,  "What does 
t he  b l a c k  l i n e  ( s )  appear  to be doing?" Th is  is  done in 
o r d e r  to a s c e r t a i n  wh et her  o r  not  t he  s u b j e c t  is a t t e n d i n g  
to the  s t im ul u s  and can r e p o r t  h i s  e x p e r i e n c e .  At  t he  end 
o f  65 seconds t he  s p i r a l  was stopped and t he  s u b j e c t  was 
asked,  "Now what appears  to be happening to t he  s p i r a l ? "
This  is done in o r d e r  t o  be sure  t he  s u b j e c t  is c a pa bl e  o f  
r e p o r t i n g  t he  a f t e r e f f e c t .  I f  a s u b j e c t  f a i l e d  to r e p o r t  
e i t h e r  t he  c o n t r a c t i v e  o r  e x pa ns iv e  a f t e r e f f e c t  on t he  f i r s t  
p r e - t e s t  t r i a l  he was then given a second p r e - t e s t  t r i a l  un­
der  those c o n d i t i o n s  f o r  which he f a i l e d  to e x p e r i e n c e  the  
a f t e r e f f e c t .  F a i l u r e  on t he  second p r e - t e s t  t r i a l  r e s u l t s  
in t he  s u b j e c t  be ing e l i m i n a t e d  from t he  e x p er i me n t .  He was 
thanked f o r  h i s  c o - o p e r a t i o n  and the  next  s u b j e c t  was run.  
Assuming the s u b j e c t  r e p o r t e d  t he  a f t e r e f f e c t  e x p e r i e n c e ,  
he was asked to look away from t h e  s p i r a l  and was t o l d ,  "What  
you j u s t  saw is c a l l e d  an a f t e r e f f e c t ,  the  s p i r a l  appeared  
to be (expanding o r  c o n t r a c t i n g )  in a d i r e c t i o n  o p p o s i t e  to
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T a b l e  6
Order o f  St imulus  P r e s e n t a t i o n  f o r  Males
Subject  S p i r a l  D i r e c t i o n  Speed Time
( s e c . )
1 . 180 CW 78 100
2. 920 CCW 100 30
3. 920 CW 100 100
4. 180 CW 100 100
5. 180 CW 100 30
6 . 180 CW 78 100
7. 180 CW 78 30
8. 920 CCW 78 30
9. 920 CW 100 30
10. 180 CW 100 100
11 . 180 CW 100 100
12. 920 CW 100 100
13. 920 CCW 100 30
14. 920 CW 100 30
15. 180 CW 78 100
16. 920 CCW 100 100
17. 180 CCW 100 30
18. 920 CW 78 30
19. 920 CCW 100 30
20. 920 CCW 100 100
21. 180 CCW 78 100
22. 180 CW 100 30
23. 180 CCW 78 100
24. 180 CCW 100 100
25. 920 CCW 100 100
26. 180 CW 78 100
27. 180 CCW 78 30
28. 180 CW 78 30
29. 180 CCW 78 30
30. 920 CW 100 30
31. 920 CW 78 30
32. 180 CW 100 100
33. 180 CW 78 100
34. 180 CCW 100 30
35. 920 CW 100 30
36. 920 CCW 78 100
37. 920 CW 100 100
38. 920 CW 78 100
39. 920 CCW 100 100
40. 180 CCW 78 30
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T a b l e  6 ( C o n t i n u e d )
Subj ect S p I r a 1 DI r e c t i  on Speed 11 me 
( s e c . )
41. 180 CW 100 30
42. 180 CCW 78 30
43. 180 CCW 100 30
44. 180 CW 78 30
45. 920 CCW 100 30
46. 920 CCW 78 30
47. 180 CW 78 30
48. 920 CCW 78 30
49. 920 CW 78 100
50. 180 CW 78 30
51. 180 CCW 78 100
52. 180 CCW 100 30
53. 920 CCW 78 100
54. 920 CCW 100 30
55. 920 CW 78 30
56. 920 CW 100 30
57. 920 CW 78 30
58. 180 CCW 100 100
59. 180 CW 100 100
60. 180 CW 100 30
6 1 . 920 CCW 78 100
62. 920 CW 78 30
63. 920 CW 78 100
64. 180 CCW 78 100
65. 920 CW 78 100
66. 180 CCW 100 100
67. 920 CW 100 100
68. 920 CCW 100 100
69. 920 CCW 78 30
70. 920 CCW 78 100
71. 180 CCW 100 100
72. 920 CW 78 100
73. 180 CCW 78 100
74. 180 CCW 78 30
75. 180 CW 100 30
76. 920 CCW 78 30
77. 180 CCW 100 100
78. 920 CW 100 100
79. 920 CCW 78 100
80. 180 CCW 100 30
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T a b l e  7
Order o f  S t îmu 1 us P r és e n t â t  i on f o r  Females
Subj ect Sp i ra 1 D i r e c t  i on Speed I  i me 
( s e c . )
1. 180 CW 78 30
2. 180 CCW 100 30
3. 920 CCW 78 ' 100
4. 180 CW 100 30
5. 920 CCW 78 30
6 . 920 CCW 78 100
7. 180 CCW 78 30
8. 920 CW 78 30
9. 180 CW 78 100
10. 920 CCW 78 100
11 . 920 CW 78 30
12. 920 CCW 100 30
13. 920 CCW 78 100
14. 180 CW 100 100
15. 180 CW 78 100
16. 920 CCW 100 30
17. 180 CW 78 30
18. 920 CW 100 100
19. 920 CCW 100 100
20. 180 CW 100 30
21 . 180 CW 78 100
22. 920 CW 100 30
23. 180 CW 100 100
24. 180 CCW 100 100
25. 180 CW 100 30
26. 920 CCW 100 30
27. 920 CW 78 100
28. 180 CCW 100 100
29. 180 CW 100 30
30. 920 CCW 100 30
31. 920 CCW 78 30
32. 180 CW 78 100
33. 180 CCW 100 30
34. 920 CCW 78 30
35. 920 CW 100 30
36. 180 CCW 78 100
37. 920 CCW 78 30
38. 180 CCW 100 100
39. 920 CCW 100 100
40. 180 CCW 100 100
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T a b l e  7 ( C o n t i n u e d )
Subj ect Sp i ra i D i r e c t  i on Speed T i me 
( sec.  )
41 . 180 CW 100 100
42. 920 CW 78 100
43. 180 CCW 78 30
44. 920 CW 100 30
45. 920 CCW 100 100
46. 920 CW 100 100
47. 180 CW 78 30
48. 180 CW 100 100
49. 920 CW 100 100
50. 180 CCW 78 100
51. 920 CW 100 30
52. 180 CCW 100 30
53. 920 CCW 100 30
54. 180 CCW - 78 100
55. 920 CW 100 30
56. 920 CCW 100 100
57. 920 CW 78 30
58. 180 CW 100 30
59. 180 CCW 78 30
60. 920 CW 78 100
61. 920 CW 100 100
62. 180 CW 78 30
63. 180 CW 100 100
64. 920 CCW 100 100
65. 920 CW 78 100
66. 180 CCW 78 30
67. 180 CCW 100 30
68. 920 CW 100 100
69. 180 CCW 78 30
70. 180 CCW 78 100
71. 180 CCW 100 100
72. 920 CW 78 100
73. 920 CW 78 30
74. 180 CW 78 100
75. 180 CW 78 30
76. 920 CCW 78 100
77. 920 CW 78 30
78. 180 CCW 78 100
79. 920 CCW 78 30
80. 180 CCW 100 30
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Tab 1e 8
Mean Scores ( s e c . )  f o r  Sub je cts  Exposed 
to Each St imul us  C ondi t ion
St imul us  c o n d i t i o n : 920-CW-78-30"
Subj ect Age Sex Mean Score
( s e c , )
I . 20 M 14.63
2. 23 M 14.50
3. 21 M 17.83
4. 24 M 15.72
5. 24 M 16.81
6 . 22 F 16.97
7. 21 F 14.47
8. 32 F 12.85
9. 18 F 16.43
10. 21 F 15.39
St imul us  c o n d i t i o n : 920-CW-78-100"
Subj ect Age Sex Mean Score
( s e c . )
1. 21 M 31 .87
2. 21 M 3 0 . 4 5
3. 22 M 3 8 . 0 4
4. 19 M 3 7 . 5 2
5. 18 M 3 2 . 6 5
6. 32 F 3 5 . 3 3
7. 34 F 3 5 . 9 6
8. 21 F 3 2 . 5 5
9. 19 F 3 3 . 2 5
10. 18 F 3 2 . 5 2
73
T a b l e  8 ( C o n t i n u e d )
St imul us  c o n d i t i o n : 920-CW-100-30"
Subj e c t Age S ex Mean Score  
( s e c . )
1 . 27 M 13.61
2. 22 M 12.43
3. 22 M 14.22
4 . 24 M 15.69
5. 20 M 12.76
6 . 20 F 16.27
7. 19 F 16.02
8. 22 F 14.91
9. 44 F 14.22
10. 19 F 14.61
St imulus c o n d i t i o n : 920-CW-100-100"
Subj e c t Age S ex Mean Score
-, ( s e c . )
1 . 22 M 2 6 . 0 9
2. 24 M 2 5 . 4 3
3. 27 M 2 6 . 9 4
4. 23 M 3 2 . 6 5
5. 22 M 2 9 . 5 6
6. 20 F 2 7 . 3 2
7. 19 F 2 6 . 5 5
8. 27 F 2 5 . 62
9. 2T F 2 6 . 0 3
10. 20 F 27.71
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T a b l e  8 ( C o n t i n u e d )
St imul us  c o n d i t i o n : 920-CCW-7B-30"
Subj e ct Age S ex Mean Score  
( sec.  )
1 . 25 M 13.56
2. 27 M 12.37
3. 18 M 12.57
4. 21 M 10.91
5. 22 M 12. 10
6 . 22 F 12.90
7. 19 F 10.28
8. 24 F 9 . 7 6
9. 20 F 10.06
10. 20 F 9.31
S t i mul us  c o n d i t i o n : 920-CCW-78-100"
Subject Age S ex Mean Score  
( s e c . )
1 . 23 M 24. 23
2. 18 M 2 3 . 5 0
3. 18 M 2 4 . 6 5
4. 21 M 24.  18
5. 23 M 26 . 02
6 . 23 F 2 5 . 2 0
7. 22 F 2 2 . 4 6
8. 20 F 22 . 67
9. 21 F 25 .5 9
10. 20 F 27. 12
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T a b l e  8 ( C o n t i n u e d )
St i mu 1 us cond11 ion : 920-CCW-100-30"
Subj ect Age Sex Mean Score  
( sec.  )
1 . 39 M 13 .26
2. 21 M 16.67
3. 21 M 13.87
h. 18 M 13. 18
5. 24 M 13.60
6. 21 F 17.67
7. 26 F 13.23
8. 19 F 14.58
9. 20 F 14 . 38
10. 20 F 14.75
St imulus  c o n d i t i o n : 920-CCW-100-100" 1
Subj ect Age Sex Mean Score
( s e c . )
1 . 20 M 2 8 . 9 7
2. 26 M 2 7 . 0 3
3. 19 M 3 0 . 0 6
4. 22 M 2 9 . 8 9
5. 21 M 2 5 . 3 9
6. 25 F 2 8 . 0 3
7. 21 F 2 8 . 0 2
8. 22 F 2 7 . 0 9
9. 22 F 2 7 . 5 3
10. 20 F 2 6 . 0 4
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T a b l e  8 ( C o n t i n u e d )
St imulus c o n d i t i o n : 180-CW-78-30"
Subj ect Age Sex Mean Score
( s e c . )
1 . 21 M 12.06
2. 21 M 15.33
3. 23 M 15.82
h. 21 M 16.93
5. 21 M 17.03
6 . 21 F 18.81
7. 19 F 14.90
8. 20 F 14.46
9. 20 F 16.85
10. 21 F 16.34
St imulus c o n d i t i o n : 180-CW-78-100"
Subj ect Age Sex Mean Score
( s e c . )
1 . 27 M 3 0 . 5 0
2. 21 M 3 2 . 5 8
3. 20 M 3 3 . 3 0
k. 22 M 3 4 . 0 7
5. 21 M 3 5 . 4 6
6 . 18 F 3 7 . 2 2
7. 19 F 3 1 . 15
8. 23 F 3 2 . 8 5
9.  ' 19 F 3 5 . 2 5
10. 19 F 35.  14
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T a b l e  8 ( C o n t i n u e d )
St i mu 1 us cond i 11 on : 180-CW-100-30"
Subj ect Age Sex Mean Score 
( s e c . )
1 . 21 M 15.56
2. 23 M 14. 17
3. 21 M 13.92
h. 19 M 13.48
5. 21 M 12.80
6. 18 F 16.37
7. 21 F 14.44
8. 21 F 14.71
9. 20 F 14.93
10. 21 F 18, 10
St imul us  c o n d i t i o n : 180-CW-100-100"
Subj ect Age Sex Mean Score
( s e c . )
1. 22 M 2 3 . 8 6
2. 18 M 2 7 . 2 8
3. 32 M 25.51
4. 22 M 25.21
5. 21 M 2 8 . 04
6. 20 F 2 3 . 8 9
7. 19 F 2 4 . 26
8. 20 F 2 4 . 95
9. 23 F 24.  17
10. 20 F 21.11
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T a b l e  8 ( C o n t i n u e d )
St imul us  c o n d i t i o n : 180-CCW-78-30"
Subj ect Age Sex Mean Score
( s e c , )
1 . 21 M 15.68
2. 23 M 15.05
3. 21 H 17.96
k . 24 -  . M 16.05
5. 21 M 17.15
6. 21 F 16.99
7. 26 F 14.38
8. 25 F 18.49
9. 21 F 15.20
10. 20 F 16.42
St imul us  c o n d i t i o n : 180-CCW-78-100"
Subject Age Sex Mean Score
( s e c . )
1 . 19 M 2 5 . 0 0
2, 26 M 2 4 . 5 4
3. 20 M 2 3 .0 9
4. 19 M 21 . 12
5. 21 M 2 5.35
6 , 19 F 2 6. 42
7. 23 F 28.01
8. 22 F 24. 15
9. 19 F 2 9 . 7 6
JO.. 32 F 2 3 . 3 9
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T a b l e  8 ( C o n t i n u e d )
St imul us  c o n d i t i o n : 180-CCW-100-30"
Subj ect Age Sex Mean Score
( s e c . )
1 . 21 M 12.91
2. 20 M 13.38
3. 30 M 14.69
k. 20 M 15.52
5. 33 M 16.48
6 . 36 F 17.41
7. 24 F 17.34
8. 22 F 13.60
9. 19 F 15.43
10. 28 F 15.28
St imul us  c o n d i t i o n : 180-CCW-100-100'
Subj ect Age Sex Mean Score
( s e c . )
1 . 24 M 18.88
2. 22 M 17.33
3. 44 M 17.72
4. 22 M 16.26
5. 30 M 2 3 . 56
6 . 25 F 18.03
7. 24 F 17.99
8. 24 F 2 0 .8 2
9. 22 F 19.30
10. 22 F 22.27
